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ON THE 

PKOOBESS OF CHEMISTRY. 

GENBBAI/ AND PHYSICAL CHEMISTRY. 

Spectra of Hydrogen and Helium. 

The line spectrum attributed to neutral helium contains 105 lines, 
forty of which are accounted for by a formula ^ derived on the 
assumption that the mutual perturbation of the electrons is 
negligible. It is anticipated that the majority of the remaining 
lines will be found to fit the formula, and the conclusion is drawn 
that the field of force of the bound electrons is entirely engaged 
by the nucleus. In a criticism ^ of this interpretation of the 
spectrum, it is suggested that the agreement between the 
observed and calcixlated frequencies is largely fortuitous. 

The band spectrum of helium has been further investigated.® 
Fowler found that the heads of some of the bands in this spectrum 
conform to the ordinary law for line series. It is now shown that 
three of the remaining bands, including the strongest in the spec- 
trum, can be deduced from the recently developed quantum theory 
of band spectra. The three bands in question are supposed to be 
emitted by a molecule which is undergoing simultaneous changes 

S its rotational and internal energies, and, in agreement with 
eory, each band contains three main series of lines represented 
liy similar parabolic formulae and characterised by a common 
fundamental frequency which is not simply related to the head 
of the band. This work is of general interest on account of the 
support it afiords to the view that diatomic molecules of helium 
exist under the conditions which prevail in the discharge tube. 

Although the origin of some parts of the secondary sj^ectrum of 
hydrogen is probably analogous to that of the helium bands, its 
structure is still obscure. Electric discharge through vacuum 
tubes is the only known means by which this spectrum is excited 

^ h. Silbersteiix, Nature, 1022, 110, 247; A,, ii, 674. 

2 C. V. Kaman, ihid., 700; -4., ii, 803. 

» W. B. Cxxrtis, Proc. Boy. Soc., 1922, [Aj, 101, 08; A., ii, 330. 
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and its intensity, relative to that of the Balmer lines, iiicreases 
with the purity of the hydrogen. The Doppler effect, to which 
the spectral broadening of monochromatic radiation is to be 
attributed, affords a means of determining the mass of the radiating 
particle with the aid of Rayleigh’s formula, = kX^/T 131, in wiiich 

ax is the half-wddth of the line of wave-length X, 31 is the mass 
of the radiator, and T the absolute temperature. The older methods 
of determining the '' half -width ” fail to give satisfactory results 
in dealing "with such closely packed lines as those in the secondary 
spectrum of hydrogen, of which 1200 have been measured at an 
average interval of less than 3 A. A new method ^ has, however, 
been described which depends on the relation between the width 
of the photographic image of the line under investigation and the 
intensity of the radiating source. If the intensity is cnit dowui 
to a known fraction, whilst the time of exposure remains the sam(% 
it can be shown that for an apparatus of given dispersive power, 
the difference between the mdths of the images is determined by 
the half-width ” of the line examined. 8uch half-w^idth 
data indicate definitely that the hydrogen molecule is the soufch^ 
of the secondary spectrum of hydrogen. The same conchmion 
has been reached by R. W. Wood,^ who, by eliminating the secondary 
spectrum and the faint continuous background, and by the us(i 
of long exposures, has increased the number of observed Balnu‘r 
linos to twenty. 


Fluorescence of 3{ercury Vapour. 

The fluorescence of mercury vapour is only exhibited ^ when the 
vapour has been freshly distilled from liquid mercury at tem- 
peratures above 150®. It is suggested that such vapour contains 
aggregates of mercury atoms as well as the normal monatomic 
molecules and that the former are responsible for the fluorescences 
The continuous portion of the fluorescence spectrum has also been 
produced by the electrical excitation of mercury vapour. The 
spectrum is only obtained within certain limiting temperatures 
and when the density of the exciting current is low. 

Specific Heats of Oases. 

Although the advances recently made in the interpretation of 
the specific heats of solids involve the acceptance of views which 

^ T, K. Merton and S. Barratt, BML Trans., 1922, lA}, 222, 369 ; A., ii, 461. 

s FMl Mag., 1922, [vi], 44, 638; A., ii, 673. 

® J. S. van der Bingen and R. W. Wood, Astrophys. 1921, 54^ 14$ ; 
A., ii, 245. 

5^ O. B. Child, ibid., 1922, 55, 329; A., ii, 676. 
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are incompatible with the equipartition principle, there is an evident 
disinclination to discard this principle in the theoretical treatment 
of the specific heats of gases. 

As the simplest member of the group of polyatomic gases, the 
behaviour of hydrogen is of peculiar interest in this connexion. At 
very low temperatures, its specific heat is constant and it behaves 
as a monatomic gas. At higher temperatures, the specific heat 
increases with the temperature, but the relation between the heat 
capacity and the temperature is not of a simple kind. 

On the assumption that collisions between the gaseous molecules 
give rise to additional degrees of freedom when the velocities of 
the colliding molecules exceed a certain critical value, the total 
energy of the gas will be the sum of the energies of the fraction 
for which the collision velocities are less than the critical value, 
and of the fraction for which the velocities of collision are greater 
than this. By assigning an appropriate value to the critical velocity,, 
and assuming that the molecules in the two groups have throe 
and five degrees of freedom, respectively, it has been shown ® that- 
the observed variation in the molecular heat of hydrogen at tem- 
peratures below 0® can be accounted for in a fairly satisfactory 
manner. 

Bjerrum, Kruger, and Eucken had previously shown that the 
quantum theory affords a promising basis for the interpretation 
of the experimental data, although the formulge suggested by these 
authors show deviations from the observed numbers which are 
greater than the errors of experiment. 

A more recent investigation ® of the problem shows that the entire 
range of data can be represented very satisfactorily by the formula 

= m + l-13ief(vi) + jKF(i/ 2 ), 

in which R is the gas constant, f and E are abbreviations for the 
Planck-Einstein and the Nernst-Lindemann functions, respectively, 
and v-i =: 10*06 X 10^^, == 1*84 X 10^^ are characteristic rotation 

and vibration frequencies calculated from numerical data relating 
to Bohr's model of the hydrogen molecule. The first term gives 
the energy increment per degree at low temperatures and has 
.reference solely to translational energy; since the corresponding 
quanta are very small, the energy exchange is practically continuous 
and in agreement with the equipartition theory. Above 60*^ abs., 
the influence of the rotational quanta, represented by the second 
term, begins to be appreciable and causes to rise to about 
at which point the vibration quantum gomes into play and 

« a. W. Todd, PUL Mag,, 1920, [vij, 40, 357; A., 1920, ii, 585. 

» 0. K, Ingold and (Miss) E. H. Bsherwood, T,, 1922, 121, 2286. 

B 2 
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causes a further rise in the molecular heat as the temperature 
increases. The introduction of the factor 1T3 in the second term 
represents an empirical adjustment, in regard to which it is 
tentatively suggested that the quantity 0T3jBf(i/i) may corre- 
spond with some form of potential energy which is associated with 
precessional motion. 

In reproducing the experimental data, the above formula is a 
distinct improvement on that proposed by F. H. MacDougall,^*^ 
who also employs Bohr model frequencies but, on the other hand, 
assumes that the hydrogen molecule has three degrees of X'otational 
freedom and uses Planck-Einstein functions in evaluating thc-^ 
rotational and vibrational energy terms. 

The successful application of the notions associated with the 
quantum theory in so many different directions leads rather 
naturally to the expectation that this will ultimately provide tlu^. 
key to the theoretical treatment of the problem of the energies 
of gaseous molecules, but so long as the agreement between theory 
and experiment depends in the first instance oix the arbitrary 
choice of the number of the degrees of freedom and of the ixaturc 
of the operating functions, and subsequently on the empirical 
adjustment of the formulas so derived, it is perhaps not difficult 
to understand why there should be a certain reluctance to ignoi*c 
the equipartition principle in dealing with this problem. 

With the object of providing accurate data for the theox’ctical 
investigation of the problem, an improved adiabatic metiiod has 
been developed for the determination of the sjKJcific heat ratio, 
and measurements have been made of the specific heats of a 
number of gases. 

The specific heat of a gas has an abnormally high value if with 
rise of temperature it dissociates or undergoes some intramolecular 
change which is accompanied by heat absorption. The vahic of 
the molecular heat ratio y = {G^ + will under these cir- 

cumstances be less than the normal value. These considerations 
have been applied to detect and measure the supposed tauto- 
meric equilibrium represented by HCN HNC in gaseous 
hydrogen cyanide. The heat absorbed in the transformation 
of formonitrile into carbylamine is -about 7000 calories per gram- 
molecule, a value large enough to ensure the detection of the 

10 J. Amer. Ohetn. Soc., 1921, 43, 23; .4., 1921, ii, 238; see also Amt. Eep., 
1921, 1, ^ 

J. K. Partington, Proo. Roy. Soc., 1921, {A}, 100, 27; A., 1921, ii, 621. 

J. -B. Partington and H. J. Cant, Phil. Mag., 1922, [vij, 43, 369; A., 
ii, 191. 

(Miss) E. H. Usherwpod, T., 1922, 121, 1604. 
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tautomeric equilibrium, even if one of the tautomeric forms 
is present at the temperature of the measurements only in very 
small proportion. The experimental data actually show that 
gaseous hydrogen cyanide is a mixture consisting mainly of HCN 
in equilibrium with a small amount (not more than a few tenths 
of one per cent.) of the isomeric form, HNC. 

Viscosity of Gases and Molecular Configuration, 

Measurements of the viscosity of gases provide data which would 
appear to throw some light on the arrangement of the atoms in 
the molecules of which they form part. 

The viscosity depends on the frequency of molecular collisions, 
which in its turn is determined by the effective cross-sectional 
areas which are presented by the molecules as targets. The 
average area presented by a molecule in all possible orientations 
is known as the mean collision area ” and this is calculated from 
the viscosity in the same way as the cross-sectional area of a mole- 
cule which is assumed to be spherical. 

When such mean collision areas ” are considered in reference 
to modern views of atomic structure, and to the part which, 
according to the Lewis-Langmuir theory, is played by the valency 
electrons in the combination of the elements to form compounds, 
it is apparent that this magnitude will depend on the molecular 
configuration. 

It seems natural to suppose that elements which have the same 
number of electron rings and which differ only in regard to the 
degree of development of the outermost ring will show com- 
paratively slight variations in atomic diameter, provided of course 
that the number of such valency electrons is not too small. Con- 
tiguous elements on the right-hand side of the periodic table form 
such a group. It has in fact been shown by X-ray measure- 
ments that the domains occupied by the atoms of such contiguous 
elements are the same within narrow limits, and other evidence 
pointing in the same direction is available. 

According to the Lewis-Langmuir theory, the hydrogen com- 
pounds of the elements chlorine, sulphur, phosphorus, and silicon 
have an outer ring structure which is essentially identical with 
the outer ring structure of the inert element argon. The outer 
rings of these elements are indeed completed by the entry of one, 
tw^o, three, and four electrons, respectively, from the corresponding 

A. O. Bankine, Trans. Faraday 1922, 17, 719; A., ii, 635. 

W. L. Bragg, FMl. Mag., 1920, [vi], 40, 169; A., 1920, ii, 537. 

A. O. Bankine, Froc. Foy. Boc., 1921, [A], 98, 360; A., 1921, ii, 192. 

A. O. Bankine and C, J. Smith, Froc. Fhys. Soc,, 1922, 84, 181 ; A., 
ii, 709. 
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number of hydrogen atoms. Differences in size and shape may 
therefore be attributed to the hydrogen nuclei which are associated 
with these electrons in the respective hydrogen compounds. 

The '' mean collision areas ’’ of such compounds compared with 
that of argon are shown in the following series : 

A. HCL H^S. PH 3 . SiHj. 


Mean collision area 1*00 1*04 1*19 1*41 1*53 

Difference 0*04 0*15 0*22 0*12 


On the assumption that the hydrogen nuclei may be regarded as 
forming protuberances on the spherical argorj. atom, the above 
data point to the conclusion that the distance between the hydrogen 
nuclei and the nucleus of the central atom increases with increase 
in the number of hydrogen atoms in the molecule. The reason 
for this is possibly to be found in the mutual repulsion of the 
hydrogen nuclei. 

The difference figures show that the increase in the mean 
collision area ” due to a hydrogen nucleus x^eaches a maximum 
when the third nucleus is attached, the effect of the fourth being 
distinctly smaller. It is to be noted, however, that in the case 
of phosphine, and still more in the case of silicane, the effect of 
the repulsion will be to some extent obscui’cd, in so far as the 
viscosity is concerned, by the overlapping of the xxuclear prominence's 
which occur in certain orientations of the molecule. 

The viscosity data for other groups of related compounds have* 
also been interpreted in the light of the Lcwis-Langinuir tlu^ory. 
According to this, the molecule of carbon dioxide is cxt<Tnally 
equivalent to three linked atoms of neon with their centres dis- 
posed linearly. If one of the external neon atonss is r(q>lacc^d by 
an atom of argon, an electronic configuration is obtained whitjh is 
equivalent to that of carbon oxysulphide. The ‘‘ mean collision 
areas calculated from the viscosities of carbon dioxide and c^arbrut 
oxysulphide arc in good agreement with this view of their moh^cular 
structure. 


Limiting Densities of Oases. 

The compressibilities of oxygen, hydrogen, carbon dioxide, 
and ethylene have been measured at low pressures. The values 

following values for the atomic weights : 
H == 1'0077, C = 11-998 (from carbon dioxide), CJ — l2-fH10 (from 
ethylene). 

WohTs equation of condition has been applied to the deitm- 
A. O. Bankine, FhiL Mag.^ 1922, [vi], 44, 292; -4., ii, 704. 

F. A, Guy© and T. Batueoas, IIpIv. Ohim. Acta, 1922, iS, /I32; A., ii, 017, 
20 T. Batuecas, ihid.^ 1544; ii, 918. 

fhy&ikal, Vhem.^ 1921, 99 , 207; ii, 117. 
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mination of the limiting density (Dq) of a number of gases, the 
relation between this and the normal density (D) being given by 

the equation Dq/jD = 1 + ~ 0*4352), where t — T^T a.iid pc 

IS the critical pressure. The molecular weights corresponding with 
the limiting densities are in close agreement with those derived from 
the formula of D. Berthelot, which is of the same form as that given 
above and differs from it only in the values of the numerical 
constants involved. 


Equations of Condition. 

Attention has been recently directed to the exactitude with 
which the observed relations between the pressure, volume, and 
temperature of fluids are reproduced by the equation of A. Wohl.^^® 
This equation may be written in the form, 

_ RT a c 

^ ~ V — b 'Tv(v — 6 ) 

in which the second term on the right represents the diminution 
of pressure due to the attractive forces and the third term repre- 
sents the increase due to the repulsive forces which come into 
play at high pressures as a result of the rotational movements of 
the molecules. 

The equation is of the fourth degree in regard to v and apparently 
contains four constants, but on the assumption that the four roots 
are identical in the critical condition, it may be shown that the 
four constants can be expressed in terms of the critical data, or, 
more conveniently from the experimental point of view, in terms 
of the specific constants Pc and and the general constant i?. 
Since three independent constants only are involved, the Wohl 
equation can be transformed into a general reduced equation of 
condition. 

Tn comparing the Wohl equation with that of van der Waals, it 
should be noted that although the latter expresses qualitatively 
the relations between the gaseous and liquid states, it can only 
be regarded as a very approximate quantitative statement of the 
behaviour of fluids. WoliFs equation, however, represents the 
experimental results with very considerable accuracy over an 
extended range. Turfchermoro, this equation reproduces the exx^eri- 

RT 

mental values of and and since at low pressures it is 

Pc^c 

practically identical with the equation of D. Berthelot, it poHsesses 
all the advantages of the latter in this region. 


Z. physilcaL Ohem., 1914, ^7, 1; A., 1914, ii, 430. 
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In a series of later papers, the range of applicability of the 
equation has been considered in greater detail. As an equation of 
condition of considerable accuracy, it appears to be limited to 
conditions in which the volume is not much less than the critical 
volume, and it would seem that the influence of temj^eratui'c on 
the repulsive forces between the molecules varies from one sub- 
stance to another. The equation has been criticised by R. Weg- 
scheider on the ground that it entirely fails to accoi’d with the 
observed compressibility of liquids at low temperatures and high 
pressures. 

The data obtained by Amagat and by Bridgman in their in- 
vestigations on the compressibility of liquids at high pn^ssures 
can be satisfactorily represented by a formula based on the 

differential equation ^ ~ which the volume 

change dv is measured with reference to the volume Vq (corre- 
sponding with p = 0), a is a specific constant, and K, the internal 
pressure, is a linear function of ^ TcjT. 

The equation (p + alv^){v — 6) = ET^(l + ^^ 2 )’ which is a 

characteristic temperature, is said to accord very well with the 
behaviour of substances in the gaseous state. At the same tim(% 
it yields values for the entropy, internal energy, and hc^at capacity 
which are consistent with Nernst’s heat theorem. 

Vapour Pressures. 

The formulae commonly employed to express the dependence of 
the vapour pressure of liquids on the temj)erature are derived 
from the Clausius -Clapeyron equation by incorporating the simple 
gas laws and assuming that the heat of vaporisation can be expressed 
either as a linear function or as a quadratic function of the tem- 
perature. The former assumption leads to the Kirchhoff-Hertz 
formula, whilst the latter gives the formula usually associated with 
the name of N'emst. These formulae involve respectively three 
and four constants, the values of which may be determined 
empirically from the observed vapour pressures at three or four 
different temperatures. Bor a wider range of temperature, the 
Nemst formula is in general to be preferred, although in view of 
the assumed validity of the simple gas laws it may be seriously 
doubted whether the use of the four-term equation can be justified 
except for comparatively low vapour pressures* 

22 A. Wohl, Z. phyaihal. Chem., 1921, 99 , 207, 226, 234; A., il, 117* 

22 Ibid., 361 ; A., ii, 192. 

2 ^ H. Carl, ibid., 1922, IQl, 238; A., ii, 477; see also WoM, loc. cit. 

.2® W. Boynton and A. Bramley, Physical Pev,p 1922, 20 , 46. 
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Simpler formulae covering a wide range of temperatures have been 
recently put forward by F. A. Henglein.^® Denoting by and 
Tg the temperatures at which two different liquids, and 
have the same vapour pressure, this author has shown that the 
thermodynamic equation of Clausius-Clapeyron leads to the iso- 
baric temperature formula 

log = a log ^2 + 6 (1) 

in which a and b are constants. Since the coefficient a is the ratio 
of the values of — v') for the liquids Xg and it is approxim- 

ately equal to the ratio of the Trouton numbers, and since the 
Trouton numbers for normal liquids are nearly identical, it follows 
from formula (1) that such liquids should obey the simple empirical 
Ramsay-Young rule, 

=k ( 2 ) 

Equation (1) may be written in the form 

= C . ^2^ (3) 

where log C = 6, and just as the isobaric temperature rule of 
Ramsay and Young corresponds with the vapour pressure formula 

log 4- O'! (4) 

in which has the same value for all substances, it is evident 
that equation (3) corresponds with the vapour pressure formula 

+ (5) 

in which 7c and n are specific constants and (^2 is a general constant 
having the same value for all substances. The value of w is 

given by K ^ where K. is independent of the nature of the 

substance and X, and v' are measured at atmospheric pressure. 
Having regard to the simple character of this formula, the range 
of its validity is surprisingly large. It applies equally well to 
normal and associated liquids, and its general utility has been 
demonstrated by applying it to sublimation pressures and dis- 
sociation pressures. The agreement may be illustrated by a com- 
parison of the observed and calculated vapour pressures of mercury 
between 0"^ and 800®. 


T (abs.) 

273"’ 

383° 

473° 

553° 

633° 

723° 

823° 

1073°. 

p (obs.) 

0-00019 

0013 

18-25 

158-4 

806 

4-25 

50-0 

102. 

p (cal.) 

0-000198 

0-0132 

17-6 

159-0 

811 

4-29 

49-8 

99-5. 


Z. JEJleMrochem*^ 1920, 26, 431; A,, 1920, ii, 732. 

F. A. Henglein, Z. phyaihal, Chem., 1921, 08 , 1; A., ii, 118. 
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The pressures up to 6S3^ are recorded in mm. ; above this tem- 
perature, in atmospheres. 

With the object of testing the applicability of the various vapour 
pressure formulae, accurate measurements have recently been 
made of the vapour pressure of lead by determining its boiling 
point in an atmosphere of nitrogen. The range covered extends 
from 920° (1*49 mm.) to 1340° (90*3 mm.). Under these low 
pressures, it may be assumed that the saturated monatomic vapour 
does not deviate appreciably from the simple gas laws. 

It is found that the ISTernst formula does not reproduce the 
experimental results within the limits of the probable errors. When 
the four constants are calculated from the exj3criinental data for 
the range 920 — 1130°, the theoretical curve for the range 1130— 
1340° falls below the experimental curve to an extent "wliich 
increases as the temperature rises. On the other hand, if the 
vapour pressures of lead are compared with those of mercury by 
making use of the modified isobaric temperature formula of 
Ramsay-. Young, according to which and are connected by 
the formula 

m + nT^ (0) 

a very close agreement is observed. In spite of the wide dificrenec 
between the boiling points, this formula permits of the calculaticm 
of isobaric temperatures with an accuracy which lies within thes 
limits of experimental error. Henglein’s isobaric temperatxirc^. 
formula does not give such good results, although the difierenct^ 
between the observed and calculated values is less than in the case 
of the Nernst formula. The boiling points of lead (p -- 760 mm,) 
derived by extrapolation from the Ramsay- Young, the Ilenglein, 
and the Nemst formulae are respectively 1619°, 1637°, and 1653°. 

According to 0. von Rechenberg,^^ it is quite a common occurrence 
for the vapour pressure curves of different iiquids to inttTsec‘.t 
when the volatilities are of the same order. Such intersection 
is said to have been established for about two thousand pairs of 
liquids. It is apparent, however, that with very few exceptionB, 
the intersecting curves are not experimental curves, bxxt have been 
extrapolated by the apjffication of Diihring’s empirical formula 
on the basis of ;very meagre experimental data. In these circum- 
stances, it seems quite possible that for a large proportion of the 
liquid pairs in question, the apparent intersection is a direct con- 
sequence of the method adopted in the extrapolation process. 

^8 a K. Ingold, 1922, 121, 2419. 

2* The data for mercury are those recorded by A. Smith and A. C. Menasiaa, 
J". Amen Chem, JSoc,, 1910, 32, 1447. 

8® Z, physihal, Chem,^ 1921, 99, 87; A., ii, 120. 
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For a certain limited number of liquids there is, however, direct 
experimental proof of the intersection of the respective vapour 
pressure curves. To pairs of such liquids, the isobario temperature 
formulae of Hamsay- Young and of Henglein would not seem to 
be applicable. These formulae take no account of the variation 
of the heat of vaporisation with the temperature and they can only 
be expected to apply to pairs of liquids for which the ratio of the 
heats of vaporisation is independent of the temperature. When 
one or both of such liquids are polymerised and the degree of poly- 
merisation is a function of the temperature, it may be expected 
that formulae of the Kirchhoff -Hertz or ISTernst type will more 
accurately represent the experimental data. 

The molecular heats of vaporisation calculated from A. = 4 *23/5,®^ 
where S is the slope of the approximately straight line curve 
obtained by plotting logp against 1/T, are said to be in better 
agreement with the experimental values than are the latent 
heats calculated from the equations of Trouton, Bingham, or 
Nernst. 

The boiling points of liquids which have been exposed to the 
action of phosphoric oxide for a number of years have been found 
to be considerably higher than the normal values. The phenomenon 
is exhibited by liquids of different types, the observed increments 
ranging from 14° for hexane to 62° for mercury. In support of 
the view that the change in boiling point is due to polymerisation, 
preliminary measurements of the temperature coefficient of the 
surface energy indicate a considerable increment in the association 
factor. On the other hand, it is rather singular that no measurable 
differences are shown by the densities of the dried and undried 
liquids. The non-existence of such differences would seem to 
emphasise the tentative nature of the polymerisation hypothesis. 

Crystallisation of Liquids. 

A statistical investigation of the px’obability of spontaneous 
crystallisation in supercooled liquids has led to the conclusion 
that crystallisation is provoked by colloidal dust particles, the 
effectiveness of which depends on their radius. Immediate 
crystallisation occurs if the radius of the dust particle is equal 
to that of a particle of the solid, which, according to thermo- 
dynamic considerations, would be in equilibrium with the super- 
cooled liquid. If the dust particles have a smaller radius, the 

S. Mortimer, J. Amer. Chem. Soc., 1922, 44^ 1429; A., ii, ©15, 

H. B. Baker, 1922, 121, 568; compare also H. B. Baker and Muriel 
Baker, ibid.f 1912, 101, 2339. 

C, K. Hinshelwood. and H. Hartley, FhiL Mag,, 1922, [vi], 40» A., 

ii, 200. 

b*2 
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average life of the supercooled liquid depends on the magnitude 
of the difference between the actual and the equilibrium radix. 

From a study of the number and distribution of the nuclei 
which are formed when thin films of liquid are allowed to crystallise 
between glass plates, it has been found that there is a very pro- 
nounced tendency for the nuclei to form in the outer zone of the 
film, particularly at the edge of the cover-glass. It is suggested 
that this tendency is a surface tension effect. 

Experiments made to determine the influence of j)i’cssuro on 
the spontaneous crystallisation of supercooled liquids show that 
pressures up to about a thousand kilograms per square centimetre 
have very little influence on the number of nuclei which are formed, 
if the comparison is made at temperatures which are equally 
removed from the freezing points. The form of the curve which 
shows the connexion between the number of nuclei and the tem- 
perature is not appreciably altered by the application of pressure. 

At a fixed temperature, the velocity of crystallisation of super- 
cooled liquids is only slightly affected by subjecting the liquids to 
high pressures.^® Since the applied pressure raises the freezing 
point, it is inferred that the intrinsic effect of th<^ pressure is a 
diminution in the crystallisation velocity. 

There is already a fair amount of evidence favourable to the 
view that the capacity of substances to form liquid crystals is 
determined by the molecular configuration, such crystals being 
formed when the molecules contain a long chain of atoms, and have 
a definite axis of symmetry. If in benzidine derivatives, which 
exhibit this property in a marked degree, a CH^ group is introduced 
between the two benzene nuclei, substances are obtained which 
no longer possess the capacity to form liquid crystals. Similar 
results are found when the CHg group is replaced by CO, CR, S, 
or O, but when the interpolated chain is lengthened by the intro- 
duction of -CHg-CHg- the property reappears. The derivative's 
of diphenylpropane do not, however, form liquid crystals, but the 
property reappears again in the derivatives of diphenyIbuta^^^ 
This alternating character is supposed to be connected with the 
departure of the molecular configuration from the linear chain 
disposition. 

Crystal Structure and the Lattice Elements. 

In a recent lecture to the Chemical Society, Sir W. H. Bragg 
has discussed the relations between the symmetiy of crystals and 

K. Schamn, Z. anorg. Ohem.^ 1921, 120, 241; ii, 264. 

M. Hasselblatt, ^id., 1921, 119, 363; A., ii, 36. 

Idem, ibid., 326; A., ii, 36. 

B. Vorlaander, Z. cmgew Ohem,, 1922, 86, 249; A., ii, 664. 

»» T., 1922, 121, 2766. 
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the probable symmetry of the molecule. The number of mole- 
cules in the unit cell depends on the respective symmetry numbers. 
If N is the number of asymmetric molecules which are required to 
produce crystal symmetry, and n is the number of molecules in 
the unit cell, the relation between these numbers is given by 
N = nN'i where N' is the symmetry number of the molecule. 
Since the great majority of organic crystals are monoclinic prismatic, 
N is equal to four and there should be four molecules in the unit 
cell if the crystal molecule is devoid of symmetry. The unit cells 
of naphthalene and anthracene contain two molecules, whilst 
those of acenapathene, a- and P-naphthols, benzoic acid,^^ salicylic 
acid, resorcinol, and 1 : 2-dinitrobenzene contain four molecules. 
The numbers of molecules in the unit cell indicated by these con- 
siderations are very much smaller than those assigned to the unit 
by K. Becker and W. Jancke,^^ who have examined a large number 
of aliphatic and aromatic compounds. Amongst these are included 
a long series of aliphatic acids, the structure of which varies according 
to whether the acids contain an even or an odd number of carbon 
atoms. Acids with an odd number of carbon atoms have a tetra- 
gonal lattice with twenty-four or forty-eight molecules in the unit 
cell. The data for acids with an even number of carbon atoms 
suggest, on the other hand, either hexagonal symmetry and a unit 
cell containing seventy- two molecules, or a rhombohedral lattice 
structure with twenty -four molecules in the unit cell. The altern- 
ating structure which is thus indicated by the AT-ray examination 
of the aliphatic acids affords some explanation of the duality which 
is exhibited by this homologous series in regard to the melting 
point and other properties. 

In these experiments the various substances were examined in 
the form of compressed pastilles. On submitting these to high 
pressures, evidence was obtained of a reduction in the volume of 
the unit cell amounting to about 10 per cent., the changes in the 
linear dimensions differing considerably according to whether the 
a, 6, or c dimensions are in question. 

An interesting development in the technique of X-ray analysis 
is afforded by the replacement of homogenous beams by a con- 
tinuous spectrum of X-radiation. A particular feature of the 
method is that it permits the use of short- waved penetrating rays 
and thereby facilitates the investigation of crystals of high absorb- 
ing power. Furthermore, the measured distances between the 

Sir W. HC. Bragg, JProc. Physical Boc., 1921, 34, 33; A., ii, 28. 

Z, phy&ihah Ohem., 1921, 99, 242, 267; A., ii, 128, 

G. Clark and W. Bnane, Proo. Nat. Acad, Bci,, 1922, 8, 90; A„ 
ii, 483. 
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planes of atoms arc independent of tlie constants of any other 
crystal. 

The fact that the intensity of reflected X-radiation falls off 
rapidly as the glancing angle is increased has been interpreted 
as evidence that the scattering power is not a localised effect but 
is the result of reflections originating in centres distributed through- 
out the atomic volume. From the form of the scattering curves, 
attempts have been made to determine the distribution of tht^ 
electrons round the atomic nuclei. 

From the behaviour of lithium fluoi’ide, P. Debye and P. SchcuTxu' 
came to the conclusion that the relative numbers of the electrons 
surrounding the nuclei of fluorine and lithium are in the x*atio 
10:2. This would suggest that the valency electron of lithium 
(atomic number 3) has been transferred to the fluorine atom 
(atomic number 9) and might be interpreted as evidence favourable 
to the view that the constituents of such polar comjiounds are 
ionic and that the mechanism involved in the combination of 
polar elements is of the type postulated in the Lewis- Langmuir 
theory. The above value of the electron ratio depends, howevc^r, 
on an extrapolation of the actually measured scatterings to zero 
glancing angle, and for this and other reasons it woxild seiun 
necessary to accept the conclusion with some reserve. 

More recent observations on crystals of sodium chlorich^, in 
which an attempt has been made to determine t!ie absolute values 
of the scattering power of the sodium and chlorine atoms, repn^- 
sent a definite advance in the attack on the probIcun of cJectron 
distribution. From the data for the scattering at a series of glancing 
angles, curves are drawn which show the electron density at 
gradually increasing distances from the atomic oentrcH. Hypo- 
thetical models of various kinds may obviously bo testcKl by refer- 
ence to these curves, which would appear to bo <lefinit(‘Iy iiuion- 
sistent with certain configurations which have been sutggostcKl for 
the sodium and chlorine atoms. Such excluded models of sodium 
chloride are those in which the sodium and chlorine atoms are 
represented as having outer shells containing eight ek^ctrons. An 
electron distribution of this type is inadmissibk^ whether the 
electrons be supposed to revolve in circular orbits of the same 
radius or to revolve in orbits on the same sphere. The experi- 
ments do not, as yet, indicate whether the valency electron of 

*2 Sir W. H. Bragg, PMZ. Trans,, 1915, [AJ, 215, 253; A. K. Compton, 
Physical Bev,, 1917, 9. 

^3 Physihal, Z„ 1918, 10, 474; A., 1919, ii, 20. 

. 44 Bragg, R. W. James, and O. K. Bosanqwefc, Phil, 1922, 

[Vi], 44, 433; A,, ii, 703. 
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sodium has been transferred to the chlorine. The difficulty ir 
reaching a decision on this point is at once evident, when con- 
sideration is given to the fact that the distance between the celitreg 
of sodium and chlorine atoms is 2*81 A., whilst the electron dis- 
tribution curve (based on the measurement of the scattering power; 
extends to 1*0 A- from the centre of the sodium atom and tc 
1*8 A. from the centre of the chlorine atom. 

Ionisation of Electrolytes. 

The reception accorded to the views of Ghosh on the nature oi 
solutions of electrolytes by the authors of certain well-known 
text books would seem to imply that these views have acquired 
the status of a well-established theory. The critical discussion 0:1 
the theory by J. R. Partington, D. L. Chapman and H. J. George/* 
H; Kallman/7 C. A. Kraus/^ KendaU/«> and 8. Arrhenius 
conveys an entirely different impression and it is obvious that the 
Ghosh hypothesis is in many ways far from satisfactory as a basis 
for the interpretation of the behaviour of electrolytes. In par- 
ticular, the facts and arguments adduced by Kendall represent a 
very strong case against the theory. The fundamental postulates 
are claimed to be inconsistent with one another, and by reason 
of the fact that an incorrect value has been assigned to the electrical 
work which is necessary to separate and disperse the ions from 
the average positions which they are supposed to take up in the 
postulated space lattice, all the equations derived by Ghosh are 
erroneous. Contrary to the requirements of the Ghosh theory, 
electrolytes of the same type are not equally ionised at equivalent 
concentrations, and the variation of with temperature can- 

not bo explained in terms of the change in the dielectric constant 
of the solvent medium. In the case of electrolytes of the simplest 
type, the osmotic coefficients derived from freezing-point data 
agree better with the values given by i = 1 + a (Arrhenius) than 
with those given by the Ghosh formula, according to which 

'if = 2 Purthermorc, in solvents of low dielectric 

capacity, the proportion of free ions should increase very rapidly 
with the dilution; the observed rate of increase is much smaller 
than that predicted by the theory. 

This brief summary is sufficient to give some idea of the failure 

Trans. IParaday Soc., 1019, 15, 98; A.., 1920, ii, 151. 

*« TMl. Mag., 1921, [vi], 41, 799; A., ii, 371. 

Z. phyaiJcal. Ohem., 1921, 98, 433; A., ii, 125. 

<s J. Amer. Ohem. Soc., 1921, 43, 2614; A., ii, 266. 

*0 Ibid., 1922, 44, 717; A., ii, 419. 

Z. physikal. Ohem., 1922, 100, 9; A., ii, 345, 
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of the Ghosh theory. The whole of the postulates involved in 
the theory are not thereby invalidated. There is, indeed, a grow- 
ing tendency to regard more favourably the view that the strongly 
polar compounds are completely ionised and that the ratio 
has not the significance attached to it in the theory of Arrhenius. 

The refractive powers of electrolytes considered in the light of 
the dispersion theory have led to the conclusion that there are 
considerable differences between the refractivities of atoms and 
the corresponding ions. A comparison of the refractivities of 
weak and strong electrolyi^es in aqueous solution indicates that 
the molecules of such substances can exist in two forms, one of 
which contains uncharged atoms or groups, whilst in the other 

polarised ” form, the constituent atoms or groups carry electric 
charges. Free ions and the ions in polarised molecules have the 
same structure and the same optical properties, which differ from 
those of the corresponding atoms or groups in the non-polarised 
molecules. 

An attempt has been made to determine the degree of ionis- 
ation of fused salts by measuring the refractivities. 

The ionisation of picric acid,^ dissolved in acetone, conforms 
to the requirements of the dilution law, the ionisation constant 
being of the order 1 X 10~®. In aqueous acetone containing 6*2 
per cent, of water, the dilution law is no longer satisfied. When 
the dilution is increased from 32 to 1024 litres, the value of 
a2/(l — (x)v decreases some 50 per cent., which is approximately 
the deviation observed when the picric acid is dissolved in pure 
water^ Since the constant ” for the aqueous acetone solutions 
is only about one-hundredth of the constant given by pure 
aqueous solutions, it would appear that the anomalous behaviour 
of strong electrolytes cannot be attributed to the high value of 
the degree of ionisation. 

Electrical Conductance, 

The experimental study of the mechanism of electrical con- 
duction in solid binary compounds has not, until recently, given 
very clearly defined results. The difBculties incidental to trans- 
port measurements in solid conductors have, however, been over- 
come by 0. Tubandt, who by this means has obtained positive 
information relative to the nature of the conducting process. The 
silver halides, lead chloride, and lead fluoride are electrolytic 
conductors. In the case of the silver compounds, the current is 

J. A. Wasastjema, Z, phy»iJcaZ, Chem,^ 1922, 101 , 193; A., ii, 491 

O. Meyer and A. Heck, Z, EUUrochem,^ 1922, 28, 2; A., ii, 241; i?. 
phymhxl, Chem.^ 1922, 100 , 316; A„ ii, 329. 

S. M. Heale, Tram, Earaday Soc,, 1922, 17, 506; A., ii, 420. 



OBl^ERAL ANB PiBXSICAIi CHEMISTRY, 


17 


carried exclusively by the positive ions, whereas the carriers in 
the lead compounds are the negative ions,^^ Cuprous sulphide, 
in the form which is stable above 91®, and silver sulphide in the 
form stable above 180® behave exactly like the silver halides. 
The (3-form of silver sulphide, stable below 180®, is, however, a 
mixed conductor,®® about 80 per cent, of the conduction being 
electrolytic and the remaining 20 per cent, metallic. As in the 
case of the a-form, the electrolytic conduction is due entirely to 
the movement of the silver ions. The passage of a current through 
(3 -silver sulphide is consequently a process in which positive 
electricity is conveyed by charged atoms, whilst negative elec- 
tricity is conveyed in the opposite direction in the form of free 
electrons. The mechanism is therefore the same as that suggested 
by Kraus for the conductance of solutions of the alkali metals in 
liquid ammonia. The conductivity of these solutions increases 
rapidly ®® with increasing concentration, such that in saturated 
solutions at the boiling point of liquid ammonia, the atomic 
conductance of the alkali metals is considerably greater than the 
atomic conductance of mercury. 

Interesting results have also been obtained ®'^ in the investigation 
of the mode of conduction of the current through mixtures of 
silver sulphide and metallic silver. 

In measuring conductivities of solutions, the telephone receiver 
can be conveniently replaced ®® by a galvanometer in combination 
with a thermionic valve. A new differential method ®® is said to 
have given good results. 

Potential Differences, 

Low-voltage standard cells are described ; the combination 
Cd amalgamjCdlalPblalPb amalgam gives a constant and readily 
reproducible E,M,F, == 0*09838 volt at 20®. 

Measurements of the electrode potential HgjHCl + KCl are 
said to afford evidence of the hydration of the hydrogen-ions. 

The study of electrodes of the type illustrated by the two 
examples, 

C. Tubandt and S, Eggert, Z, anorg, Chem,, 1920, 110, 196; A., 1920, 
ii, 279. C. Tubandt, ihid,, 1921, 115, 105; A., 1921, ii, 426. 

C.Tubandt, S- Eggert, and G. Schibbe, ibid., 1921, 117, 1 ; A., 1921, ii, 480. 

C. A. Kraus and W. W, Eucasse, *7. Amen Chem. Soc., 1922, 43, 2529; 
A., ii, 252. 

C. Tubandt and S. Eggert, Z.anorg, Chem., 1921, 117, 48 ; A., 1921, ii, 480. 

M. Abribat, Bull. Soc. chim., 1922, [iv], 31, 241; A., ii, 344. 

E. Bolla and E. Maassaa, Qazzetta, 1922, 52, i, 421 ; A., ii, 544, 

J, Oblata, JProc. Phys. Math. Soc. Japan, 1921, [vii], 3, 136; A., ii, 343. 

E. Schreiner, Z. anorg. Chem., 1922, 121, 321; A., ii, 468. 

G. Triimpler, Z. phyeihal. Chem., 1921, 99 , 9; A., ii, 110. 
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Ag[AgBr|KBr solution saturated with bromine 
and OujOuSINagS solution saturated with sulphur, 

indicates that there is an essential difference between such 
electrodes according to whether the solid binary compound is an 
electrolytic conductor (AgBr) or a metallic conductor (CuS). The 
experimental data suggest a fundamental difference in the structui’<^ 
of the two classes of compounds and the conclusion is drawn that 
the lattice elements of the compounds of the former group arc ions, 
whilst those of the compounds which show metallic conduction 
consist of uncharged atoms. 

Velocity of Hydrolytic Reactions. 

A considerable amount of attention has been dii’cctcd to the 
further investigation of the hydx'olysis of sucrose and tho esters. 
Although these reactions can bo satisfactorily represented in terms 
of the ordinary velocity coefiScient when tho concentrations of 
the hydrolyte and the catalysing acid are fixed, it is well known 
that variations in the concentrations of tho reac^tants produce 
changes in the velocity coeflScient which suggest that the active* 
masses of the hydrolyte, water, and catalyst are not ai>pro2)riately 
measured by the respective volume concentrations. In recent 
work, the attempt has been made to replace volume concHmtrations 
by the activities or thermodynamic concentrations, the valium of 
which, as shown by G. N. Lewis and M. Bandall,^*^ may be deter- 
mined in a consistent manner from vapour prc*sHuro or osmotic 
data, and in the case of ionic reactants from potential difference 
measurements. To what extent tho thermodynamic concentrations 
may afford a measure of the active mass of chemical reactants is 
a matter which can only be decided by experiment^ and at the 
present time there appears to bo no adequate ground for the 
presumption that thermodynamic concentrations provide a clue to 
the apparent deviations from the law of mass action. 

Some experiments on tho rate of inversion of sucrose an* 
interpreted in favour of the view that tho hydrogen-ion and the* 
un-ionised acid are both catalytically active. Other measurements 
are said to he in agreement with tho equation dx\dt ^ (Cj 

in which and are the activities of the water and the hydrogen- 
ion. According to this equation, the reaction is of the sixth order 
in so far as the water is concerned. 

J. Amer. Ohem. Soc., 1921, 48, 283; A., 1921, ii, 241; 1150; A., 

1921, ii, 427. 

B. H. Oarke, 4bid,^ 1769; A., ii, 136. 

G. Scatchard, ibid., 2887; A», i, 280. 
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Experiments with sucrose and ethyl acetate in which the 
concentration of the hydrolyte was kept constant and the concen- 
tration of the catalysing acid was varied between wide limits lead 
to the conclusion that the reaction velocity is not by any means 
accurately proportional to the activity of the hydrogen-ion. The 
inversion data obtained with hydrochloric acid and acetic acid 
would indeed suggest that the specific character of the acid cannot 
be ignored. 

Other observations on the velocity of inversion, in which the 
concentration of the sucrose was varied from 100 to 700 grams per 
litre, have been found to yield a constant velocity coefficient when 
the participation of the sucrose, water, and hydrogen-ion is supposed 
to be proportional to the activities. The derivation of this co- 
efficient involves, however, a number of other assumptions, 
namely, that the sucrose is mainly present in the solution in the 
form of a tetrahydrate, that the rate of inversion is determined 
by the rate of combination of a hypothetical sucrose dihydrate 
with the hydrogen-ion, and that the activity of the latter is 
very largely influenced by the viscosity of the medium. In these 
circumstances, it is very difficult to say whether the measurements 
in question are to be regarded as favourable or otherwise to the 
view that the active masses of the reactants are to be expressed 
in terms of the thermodynamic concentrations. 

Measurements of the rate of hydrolysis of ethyl acetate in 
presence of strong acids and varying quantities of the corresponding 
salts are said to indicate that the velocity is proportional to the 
cube root of the activity of the hydrogen-ion. 

The initial velocities with which methyl and ethyl acetate are 
hydrolysed have been measured at higher temperatures in pre- 
sense of regulator mixtures, for each of which the value was 
electrometrically determined. The velocity of hydrolysis shows a 
minimum at a definite hydrogen-ion concentration, but the curve 
obtained by plotting the velocity as a function of p^: is by no 
means symmetrical about the minimum point. The curve rises 
inoi'e steeply on the alkaline side of the “ critical ” value, and 
from this, it may bo inferred that the assumptions made by Wijs 
in his determination of the degree of ionisation of water, are 

«« H. A. Falos and J. C. MorroU, J. Amer. Ohem, Soc., 1922, 44, 2071; A., 
ii, 832. 

H. S. Hamed and H. Pfanstiol, iSiSS; A-, ii, 832, 

T. Moran and W. C. MoO. Lewis, T., 1922, 121, 1613. 

0. AkerlOf, physikaL Chem,, 1921, 98, 250; A., ii, 134, 

K. G. Karlsson, Z. anorg. Ohem,^ 1921, 119, 69; A., ii, 40. 

Compare A., 1893, ii, 364; 1894, ii, 82. 
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unjustified. The presence of neutral salts docs not affect the 
value, for which the initial velocity of hydrolysis is a minimum. 

Measurements of the velocity of saponification of esters by 
potassium hydroxide in mixtures of ethyl alcohol and water siiow 
that the velocity coefficient is not a continuous function of the 
composition of the solvent. When the coefficients, measured at 
15 ®, are plotted against the composition, a graph is obtained which 
consists of a series of straight lines intersecting at points which 
correspond closely with alcohol— water mixtures in which the 
components are present in simple molecular italics. This coin- 
cidence is regarded as an indication of the formation of stabl<^ 
alcohol— water complexes. For the most pai't, the results appear 
to be independent of the nature of the ester. Furihermon% at 
higher temperatures, the number of discontinuities observed is 
smaller, indicating that the less stable complexes have disappeared. 
The interpretation given to the experimental data is said to be 
supported by the evidence afforded by the curves representing 
the variation of the physical properties of alcohol-water mixturc^B 
with the composition. Such curves are, however, for the most 
part, continuous and their interpretation is a matter of great, 
difficulty. The difference between these curves and tlio discon- 
tinuous velocity curves is striking, but it seems possiblcj that it. 
may be due to the much greater susceptibility of redaction vcdociiy 
to slight changes in the character of the solvent medium. On th(^ 
other hand, it is rather remarkable that other reactions which 
have been studied in aqueous alcoholic media show no evidence 
of the discontinuities disclosed by the ester hydrolysis curves. 

Combustion of Oases. 

Considerations based on measurements of the specHl of the 
uniform movement of flame in complex mixtures, that is to say, 
mixtures which contain oxygen, and two or more combustible 
gases, have suggested a new basis for the interpretation of the 
partition of the oxygen between the several combustible gases 
when the supply of oxygen is insufficient for complete combustion. 

Under identical conditions, the speeds of propagation of flame 
are the same for all limit mixtures, provided that these are of 
the same type, that is, upper or lower limit mixtures. If the limit 
mixture of air and a combustible gas. A, is mixed with the limit 
mixture of air and a second combustible gas, B, the speed of pro- 
pagation of flame in the resultant complex mixture is the same 

H, McCombie, H. A, Scarborough, and B. H. Settle, T., 1021, 11$, 
970; 1922, 121, 243, 2308. 

Wt I'ayman and B. V. Wheeler, 1922, 121, 363. 
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as the speed characterising the simpler limit mixtures, and this 
equality holds no matter what may be the proportion in which the 
simple limit mixtures are present in the complex mixtures. 

Other observations lead to the conclusion that this law of 
speeds ’’ is not a particular relation applicable only to limit 
mixtures, but that it holds for all complex mixtures, provided that 
the corresponding simple mixtures are of the same type. 

So far as the propagation of flame is concerned, it follows that 
the air in the complex mixture, A + B + air, may be considered 
to be divided between A and B in such a way that the speeds of 
propagation of flame in the hypothetical simple mixtures, A + 
and B + air, would be the same as it actually is in the complex 
mixture. 

The products resulting from the passage of flame through a 
mixture of methane, hydrogen, and oxygen, in which the oxygen 
present is insufficient for the complete combustion of both com- 
bustible gases, should therefore be the same as would be obtained 
if the methane were mixed with a certain proportion of the oxygen, 
and the hydrogen with the remainder, and the two simple mixtures 
were separately exploded. Observations indicate in fact that this 
identity is actually obtained when the oxygen is distributed between 
the methane and the hydrogen so as to produce simple inflammable 
mixtures which are characterised by the same velocity of propag- 
ation of flame. 

It has been supposed, although the view has by no means been 
generally accepted, that the relative quantities of the two sets 
of products formed in the explosion of mixtures of two combustible 
gases with insufficient oxygen, afford a measure of the relative 
affinities of the two gases for oxygen. The considerations ad- 
vanced by Payman and Wheeler indicate that the relative quantities 
of the products cannot be regarded as an effect of affinity,” but 
are a direct consequence of the fact that a methane-oxygen mixture, 
which has the same speed of flame as a given hydrogen-oxygen 
mixture, contains a considerably larger proportion of oxygen. 

Further evidence has been obtained in support of Le Chatelier’s 
rule that when two or more limit mixtures containing different 
combustible gases are mixed, the resulting complex mixture is 
also a limit mixture. It appears, however, that there are excep- 
tions to the rule and considerable deviations are found when 
one of the combustible gases concerned is capable of propagating 
a cool flame. The propagation of this appears to be hampered 

W. A. Bono, BUh Trans., 1915, [A], 216, 276. 

B. G. Boussu, CompL rend., 1922, 176, 30; A., ii, 657. 

A. G. White, 1922, 121, 2661. 
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by the presence of the second combustible gas, the resulting 
disturbance varying considerably with the nature of the latter. 

The Radiation Theory of Chemical Change. 

According to the simple form of the radiation theory, the 
frecjuency of the radiation which traiisfox^ms the molecules of a 
substance into a reactive condition can be calculated from the 
temperature coefficient of the velocity of the reaction. It is 
assumed that each molecule absorbs one quantum of the radiant 
energy in question. One of the objections raised against this 
view of the reaction mechanism is that the reacting stibslancu-i 
shows no absorption band in the region of the calculate<l wavcv 
length. The supporters of the theory contend, however, that 
such, apparently simple, reactions nuw involve a seric^s of con- 
secutive changes, which, although they cannot bo differentiated 
by any known experimental method, arc slutrpiy separated and 
clearly defined in terms of the associated energy (juanta. Jn 
such a reaction, the energy absox'bed per molecuhjj will be x*cq>re- 
sented as the sum of a number of smaller quanta may, 

accordixig to certain lines of evidence*, bear some simple x\*lation 
to one another. In these circumstances, the ban<ls in the 
absorption spectrum of the reactixxg substance will eorr(^spomi 
with wave-lengths greater than that which is indicai<Hl by tlie, 
simple radiation hypothesis. Infra-i'ed bands corri‘spondixig witli 
simple multiples of the calculated wave-length hav(^ in fact lu^im 
found in the specti'um of nitrogexx pentoxidc, althcHigli no absorp- 
tion occurs in the spectral region indicated by tlu^ simple thcfory. 
The radiation theory has also been criticised on the ground iliat 
the rate of supply of energy of the requisite frctpiency is totally 
inadequate to account for the observeni nite of the cluunical 
change. The validity of the ai’-gument is <piestionabki. Jn any 
case, J. Perrin points out that if the energy of activation vorre- 
spends with the absorption of a number of r(*]ativ(^ly small quanta, 
the requisite amount of energy is available in quautitiens more, 
than sufficient to account for the observed velo<;ity. On the other 
hand, W. C. McC. Lewis contends that this obj (action falls to 
the ground, because it ignores the redistribution of the radiatil 
energy which immediately ensues when X'adiation of a parti<mhir 
wave-length is removed, 

A third criticism to which the radiation thtsory has been sub- 

Papers contributed to a goneral discussion arranged by the Faraday 
Society give a clear indication of the present position of tho radiation tlieory ; 
see Trans. Faraday Koc., 1922, 17, Part I; A., ii, 628. 

B. O. C, Baly, loc. cit.^ p, 588. 

Loc. cit., p, 546. stJ Loc. cit, p. 57S, 
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jected is that the reaction velocities are apparently unaffected 
by the directed radiation from external sources, although in such 
circumstances the density of the supposedly active radiation is 
enormously increased. This objection is also countered by the 
supposition that the energy of activation is the sum of a series 
of smaller quanta, and there would seem to be no necessity for 
Lewis’s view that the effect of the active radiation is nullified by 
absorption in the solvent medium. The fact that the rate of 
inversion of sucrose by hydrochloric acid is not measurably 
altered when the solution, in the form of a cloud of fine drop- 
lets, is subjected to the action of a beam of bright sunlight would 
seem to show that the latter view is untenable. 

Summarising the position, it would appear that the radiation 
hypothesis cannot be reconciled with the facts so long as the energy 
of activation, is represented by the equation E = Nhv^ where 
N is the Avogadro number, h the Planck quantum constant, and 
V the frequency of the activating radiation. The simplicity of 
the relations involved in this equation constitutes probably the 
most attractive feature of the radiation hypothesis and if, as 
would seem to be the case, it is necessary to replace the above 
equation by one of the form E = Nh{niv^ + n^v2^ -h . . . ), 
in which % - • - small integral numbers, then we have 

to deal with a mo^fied radiation theory which, generally speaking, 
is no longer amenable to the test of experiment until such time 
as infra-red absorption spectra have been studied in a very thorough 
and comprehensive w'^ay. 

There is always the possibility that in certain cases the general 
equation may be reduced to its simplest form. An example is 
said to be furnished by the decomposition of triethylsulphonium 
bromide, the absorption spectrum of which has been examined 
ill a number of solvents, in which the rate of decomposition had 
been previously measured at different temperatures by von 
Halban.^^ In the six solvents, where the reaction follows a normal 
course, maximum absorption is found to occur at a radiation 
frequency which agrees closely with that calculated from the 
temperature coefficient of the reaction velocity. 

The two important facts which may be considered mainly 
responsible for the attention which has been given to the radiation 
hypothesis are that the hypothesis affords a plausible explanation 
of the effect of temx^erature on reaction velocity and provides a 

T. W. J. l^aylor. Nature, 1921, 108, 210; A,, ii, 336; compare also 
W. O. MoC. Lewis, ibid., 241 ; ii, 336. 

W. a McC. Lewis, T., 1922, 121, 665. 

Z. physihaL Ohem., 1909, 67, 129. 
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basis for the interpretation of the mechanism of unimolecular 
reactions. It has, however, been pointed out,^^ that if the energy 
of activation corresponds with an additive series of quanta, the 
observed dependence of reaction velocity on the temperature is 
not that which would be indicated by the radiation theory. On 
the other hand, it may be doubted whether there is any known 
instance of a chemical change in which the molecules of a sub- 
stance are transformed independently of one another and of foreign 
molecules. A critical examination of the facts suggests rather that 
in all such chemical changes there is interaction between two or 
more molecules. Radioactive disintegration processes arc not 
exceptional, for in such changes the chemical valency electrons 
are not involved, and, moreover, there is no temperature coefficient 
to be accounted for. 

J. Plotnikow criticises the law of photochemical equivalence^ 
on the ground that it is incompatible with the Grotthus-van’t Hoff 
law, and that it leads to an impossible value for the chemical 
activity of radiant energy, the frequency of which is of the name 
order as that of Rontgen rays. 

The thermal decomposition of formic acid gives rise to two 
sets of products, namely, (a) carbon dioxide and hydrogen, (b) 
carbon monoxide and water. At 283®, the two rcactionB take 
place with the same velocity. From a consideration of the 
respective energies of activation it would appear that the formic 
acid should be exclusively decomposed into carbon monoxide and 
water. If the facts are to be interpreted in accordance with the 
simple radiation theory, it is necessary to introduce qtialifying 
assumptions and the suggestion is made that the second reaction 
occurs on the walls of the containing vessel and that its velocity 
is enormously reduced by the surface conditions. 

According to Perrin, fluorescence consists in the emission of 
characteristic radiation by the molecules of certain Hubstances 
which are decomposed by light. This view is not in agreement 
with experiments which have been made by R, W. Wood.^® For 
instance, it has been found that an aqueous solution of rhodamine 
is almost non-fluorescent at 100®, although at this temperature 
it is decomposed by light as rapidly as it is at the ordinary tem- 
perature. Perrin's theory further takes no account of the part 
played by oxygen in the photochemical decomposition of fluorea- 

F. A. Xfindemann, Trans. Faradaij Soc,, 1922, 17, 59S. 

See, for instance, T. M. Lowry, ibid,, p. 596. 

«« Z. wiss. Photochem.^ 1922, 21, 134; A., ii, 248. 

0. KT. Hinshelwood, H. Hartley, and B. Topley, Pm;. Mau. 1922, 
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cent substances. The intensity of the fluorescence exhibited by 
a hydrochloric acid solution of fluorescein is independent of the 
amount of oxygen present, although the rate of decomposition 
varies over a considerable range inversely as the oxygen content 
of the solution. In oxygen-free solutions, fluorescein is moreover 
stable towards light. 

An interesting contribution has been made to the photo- 
chemistry of silver compounds. It is shown that silver chloride 
is itself non-sensitive to light, and that the active absorbent of the 
light energy is the colloidal metallic silver which is present in very 
small amounts in fresh unilluminated silver chloride emulsions. 

Disperse Systems and Colloidal Solutions, 

Elutriation experiments,®^ made with powdered barytes and 
quartz, show that the rate of fall of small particles through water 
is not in agreement with the law of viscous resistance,"" which 
states that the velocity varies as the square of the diameter. On 
the contrary, the connexion between the diameter, d, and the 
velocity, v, for particles of a given substance falling through water 
at a fixed temperature is given by the formula log d = log a + kv^ 
in which a and k are constants. Under identical conditions, the 
sectional areas of the barytes and quartz particles which fall with 
the same velocity are in the same ratio as the gravitational forces 
which act on the two kinds of particles. 

When Stokes’s law is applied to the determination of the radius 
of the particles immersed in a liquid, no account is usually taken 
of the effect produced by adsorption. If Tq denote the radius 
calculated in this way, r the true radius, and a the quantity of 
liquid adsorbed by one gram of the solid, then the relation 

between these quantities is given by a^\ where 

\ Vjg/ 

Vi and Vs are the si)ccific volumes of the liquid and solid respectively. 
On the assumption that the obvious external surface is responsible 
for the adsorption, this equation may be employed to determine 
an upper limit for the thickness of the adsorption layer. 

The law of distribution of colloidal particles which represents 
the experimental data obtained by Perrin for suspensions of gamboge 
in water would appear to be limited in its application to a very 
narrow region below the surface of the suspensoid system. Observ- 

8» F. Weigert, Z, Phymh, 1922, 10, B49; A., ii, 681. 

F. Weigert and W. SohCller, Sitzungsher, Prettss, Akad, Wiss, BerUn, 
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ations on colloidal solutions of copper have shown that the 
particles are uniformly distributed, samples taken from a column, 
90 cm. in height, which had been left undisturbed for fifty days, 
showing no measurable difference in concentration. 

A further investigation of gamboge suspensions, in which the 
counting of the particles at different depths was ofTcctCHl by a 
modified arrangement of the Zeiss uItra-microsco])e, show\s that 
there arc apparently three well-defined regions in a sus])ensoid system 
in addition to the surface layer, the thickness of which is only of the 
order of the range of intermolecular forces. The first of the three is 
the Perrin region, less than OT mm. in thickness, in which the dis- 
tribution of the particles is analogous to the distribution of the 
molecules in a column of gas ; the second is a region, thc^ ihicjkness 
of which appears to be of the order of 1 mm., in which tlui dc^parture 
from the logarithmic distribution formula becomes more and mor<^ 
pronounced as the distance from the surface increasi^s ; the third 
region is represented by the bulk of the suspension in which the 
distribution of the particles is sensibly uniform. The actual av(U’ag(‘ 
results of the counts made in these experiments are shown in th(' 
accompanying table, in which y denotes the depth of the layer 
examined below the surface and n represents the number of particles 
per unit of volume : 

2/ (cm.) 0-023 0-033 0-043 0-063 0-083 0-103 0-123 0-143 

n X 10« 0-95 2-14 3-61 7-14 8-60 0-63 9-76 9-76 

These numbers refer for the most part to tluj layeu* b(*tween ih<^ 
Perrin layer and the bulk of the suspension. Theoretical con- 
siderations put forward independently by Burton and by Porter 
lead to equations which are in agreement with the obsc^rved 
distribution in this transition layer. 

If a measured volume of the saturated solution of a lead salt 
containing one of its radioactive isotopes is shaken up with a weighcnl 
quantity of the fmely-powdered solid (free from the isotope), it- 
may be assumed that the isotoi>o will distribute itself between the 
surface of the solid and the solution in the same* ratio as the*! Ic^ad. 
By measuring the change in the radioactivity of Holution, it 
is possible to estimate the stirfacc area of the tiuely divided solid 
lead salt. A convenient summary of other applications of radio- 
active substances in the investigation of molecular dynamics is 
given in a paper under the title Radioactive TndicatorH/* 

El. F. Burton and (Miss?) E. Bishop, Proc. Boy. Soc., 1921, f. 1 1, 100. 414, 

A. W. Porter, Trans. Faraday Boc., 1922, i8> 91, 

F. Paneth and W, Vorwerk, Z. 'physihah Olmn., 1922, 101, 446; A.* 
ii, 618- 

•« F. Paneth, Z. angeu\ Chem.y 1922, 35, 649; A., ii, 785. 
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Facts are adduced in support of the view that, in certain 
cases at least, the adsorption of radioactive substances from 
solution is not primarily determined by the colloidal condition of 
the adsorbent but hy its chemical nature. 

Liquids which have been adsorbed by porous substances appear 
to be subjected to a very high degree of compression as a result 
of the action of molecular forces.^® The change in the volume 
of water adsorbed in the micro-pores of charcoal is probably of 
the order of 25 per cent, and in the case of ether about 40 per cent. 

The conditions determining the formation of amorphous or 
crystalline solids in precipitation changes are discussed by F. 
Haber.^^ It is to be expected that the rate at which the primary 
non-orientated aggregates will be transformed into ordered lattice 
formations will be greatest in the case of binary compounds, in 
which the polarity is most marked. When the polarity is less 
strongly accentuated, the compounds will tend to remain in the 
primary form of amorphous precipitate or sol. 

Zeolites, when partly or completely dehydrated, absorb gases 
in large quantities.^ In general, the volumes of the different gases 
which are taken up, increase in the order of the respective critical 
temperatures. Hydrogen is, however, absorbed in exceptionally 
large quantities, and the behaviour of hydrogen and certain other 
gases suggests that these enter into the crystal lattice in the position 
j)reviously occuj)ied by the water of hydration. 

The connexion between the coagulating power of ions and the 
concentration of the disperse phase is found ^ to depend on the 
nature of the latter. For colloidal solutions of chromic oxide, 
Prussian blue, and ferric oxide, the coagulating ion- concentration 
decreases as the concentration of the colloid decreases, irrespective 
of the valency of the ion. On the other hand, when the disperse- 
phase is arsenious sulphide, the relation between the concentrations 
of the ion and of the colioid varies very considerably according to 
the valency of the ion. The differences in behaviour are attributed 
to the relative adsorbabilities of the coagulating positive ion and 
of the slabilivsing negative ion. 

Tlu? action of protective colloids ® in retarding changes of state 
is shown very clearly in the, px^ecipitation of mercuric iodide in 

ICbler and A. J. van Hhyn, Ber., 1921, 54, IB], 2896; A., ii, 16. 

W. D. Harkins and D. Kwing, J". Amcr, Ohem. Soe,, 1921, 43, 1787 ; 
A,, ii, 122. 

1922, 55, [B], 1717; A., h, 553. 

’ Hr, i'^oiligor and K Lapkamp, Phyaikal. Z., 1921, 32, 563; A., ii, 30. 

2 H. B. Weiser and H. O. Nicholas, J. Physical Ohem., 1921, 25, 742; 
A., ii, 266; E. F. Burton and E. I>. Maclunes, ibid., 517; .4., ii, 130. 

® J. N. Friend, Nature, 1922, 109, 341; A., ii, 267. 
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presence of one per cent, of gelatin,- The initially precipitated 
yellow modification remains unchanged for a considerable time. 

The conclusions which have been drawn from the study of soap 
solutions by the application of various osmotic methods aud by 
measurements of conductivity, potential differences, and catalytic 
activity have been confirmed in a remarkable way by the be- 
haviour of the solutions when they are subjected to ultra- iiltration. 
Not only has an independent check on the results of previous work 
been thereby obtained, but it is shown that ultra-filti’ation affords 
a method for the separation of the ionic micelle from tho neutral 
colloid, for the determination of the degree of hydration of the 
colloidal constituents, and for the approximate determination of 
the dimensions of the charged and uncharged colloidal particl(\s. 
The ionic micelle is mainly composed of aggregated ions with water 
of hydration, whilst most of the neutral colloid is present in (piitc 
separate particles of much larger dimensions. 

The theory of ultra-filtration is discussed and on the assumption 
that pores of a given diameter will allow particles of a smalku* 
diameter to pass through provided that the applied press un^ is 
greater than the osmotic pressure of the constituemts which am 
coarse enough to be held back by the pores, it is foun<l that the 
experimental results can be adequately exi>Iained. 

The ultra-filtration method has already betm applie<l in tito 
investigation of other colloid-electrolyte Bystcras. The suctjcssful 
application of the method would seem to depend on the rapidity 
with which any disturbance of the internal equilibrium is annulled 
in comparison with the speed of the ultra- filtration procc^Hs. 

The properties of hexadecanesulphonic acid ^ indicate that this 
acid is a typical colloidal electrolyte having all the characteristic 
properties of the alkali-metal soaps. Ring compounds are far 
less colloidal than the corresponding open-chain compounds, 
indicating that the linear extension of the molecule is an irnport^ant 
factor in producing a colloidal electrolyte. 

Soap solutions, to which the corresponding alkali metal chloride 
has been added in quantities insufficient to cause salting out, are 
found ® to contain the soap for the most part in the form of neutral 
colloid, the proportion of ionic micelle being much smaller than in 
pure soap solutions. 

The consideration of the salting-out process from the point of 
view of phase equilibrium leads to the conclusion that a colloidal 

« J. W, MoBain and W. J, Jenkins, 1022, 121, 

® (Miss) M. H. Norris, ibid,, 2161, 

« C. S. Salmon, %bid.^ 711. 

^ J. W. McBain and A. J. Burnett, ^id** 1320. 
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solution, in which true reversible equilibria subsist, behaves as a 
single phase towards other phases with which it is in equilibrium. 
On the other hand, for equilibria within the colloidal solution, it 
seems to behave as a multiphase system having one more degree of 
freedom than that which would be assigned to it by the ordinary 
phase rule. 

H. M. Dawson. 



IISrORGANIC CHEMISTRY. 


The study of radioactivity, isotopy, and atomic con/Iilulioii ha.s 
assumed such importance that a separate Eej)ort is now devoted to 
these developments of inorganic chemistry, and atomic constitution 
is here discussed solely from the stanch]>oint of valency and ih<^ 
ordinary chemistry of the elements. N(‘\a‘rtiieles8, the bulk of 
orthodox inorganic chemical work, includln^i; as such those cases in 
which the application of physical methods is of inti^rest for iiu^ 
I'esults attained rather than for the methods funpioyed, is so gre^at 
that the Report can only be kept within the prescribed limits by 
ruthless economy of woz'ds and omission of nuK'li interesting maltala L 
An effort has been made, howevex', to report j)reeis(‘ly, railau* Uian 
to comment on, as much as possible of tlui wox*k (lemned to be of 
general interest to chemists. 


A tomic Theory . 

Langmuir has deduced the types of valcxicy, and its num(U'i(^aI 
values, for most elements by a method simxiicr than that formerly 
employed,^ and, on the basis of the electron thc‘ory of chemistry, 
Sir J. J. Thomson ^ has attributed structures to the unit cells of 
elements according to their valency, and has calculated therefrom 
values for bulk-modulus, critical fi^cquency, and diek^ctric constaixt 
which agree with experimental values. It has been found ® that 
carbon dioxide and nitrous oxide have identical viscositicis over th<^ 
range 0 — 100®, and it is inferred that their molecular dimensions art* 
the same, in agreement with Langmuir's view that both molecules 
have the same arrangement of the outer electrons. 

The principle of induced alternate polarity of atoms, previously 
applied to explain many properties of orgaxiio compounds, has now 
been derived simultaneously and independently by Lapworth ^ and 
by Kermaok and Robinson,^ as a necessary coxiscquonce of the 
electron theory. It is perhaps important to observe that in both 

1 I. liaagmuir. Science^ 1921, 64, 59; A,, ii, 137. 

^ Sir J. J. Thomson, TML Mag,, 1922, [vi], 43, 721 ; A,, ii, 355. 

® C. J. Smith, JProc, Physical iSoc,, 1922, 34, 155; A,, U, 549. 

* A. Tapworth, T,, 1922, 121, 416. 

® W. O. Kermack and B.. Bobinson, ibid,, 427. 
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cases it is found desirable to postulate union of atoms, not only by 
the normal single ’’ or "" double ” bond, consisting in the sharing 
by adjacent atoms of two or four electrons, respectively, but also 
by the sharing of one or three electrons. A bond of three electrons 
has already been proposed as affording the most rational expression 
of the constitution of benzene, and a single electron bond has been 
supposed probable,® so that there is no special difficulty in accepting 
the variation of the Lewis-Langmuir hypothesis. Thus among the 
elements of the First Period this theory continues to prove adequate. 

Difficulties begin with sodium and increase among the heavier 
elements, where it becomes evident that the usual hypothesis is 
at best no more than a first approximation to the truth about atomic 
constitution, accounting well enough for the broad similarities 
within and differences between the various groups, but failing to 
give, for example, as any hypothesis pretending to fiLnality must 
give, a theoretical basis for the detailed differences observed within 
each group. Reviewing such differences, one cannot escape the 
conclusion that chemical properties are determined, not by the outer 
electrons alone, but by the atomic constitution as a whole; and if 
this is so, the assumption, now general, that the chemical properties 
of isotopes are identical, whilst probably true or very nearly true 
for the heavier elements, may not hold for the lighter elements. 
It is thus important to consider the several attempts which have 
been made to amend the original hypothesis. 

From a consideration of emission spectra, Bohr has developed a 
dynamic theory of the structure of the heavier elements, postulating 
eccentric orbits for certain electrons (which thus belong, in a sense, 
to more than one level in the atom), and irreconcilable with any 
conception of sharply separated shells of electrons,'^ which accounts 
for the colour (in compounds), paramagnetism, and relative com- 
plexity of spectra of the elements and is strongly supported by recent 
work upon the X-ray spectra.® Measurements of the intensity of 
reflection of X-rays per unit volume of the units constituting 
crystalline sodium chloride ® may be interpreted as showing the 
existence in successive shells, counting outwardly, of 7 and 3 
electrons in the sodium atom, and of 10, 5, and 3 electrons in the 
chlorine atom ; or, alternatively, give for the variation of electron 
density with distance from the centre of each atom values which 
agree well with those calculated for an atom of the type proposed by 

® Sir J, J, Thomson, Phil. Mag., 1921, [vi], 41, 538; ii, 279. 

’ N. Bohr, Z. Physih, 1922, 9, 1; Nature, 1921, 108, 208; A., ii, 36,3, 
277. 

s Colter, Phil, Mag., 1922, [vi], 43, 1070; 44, 546; A,:, ii; 491, 677, 

^ W. I;, Bragg, B. W. James, and C. H. Bosanquet, ibid'., 1922, 44, 433; 
A„ ii, 703. 
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Bohr ; but appear to show clearly that there is not in either atom of 
sodium chloride a shell of eight electrons. 

From the chemical point of view come attemj)tf3 to bring the 
static hypothesis into closer accord with the facts by modifying 
Langmuir’s fourth postulate. Bury’s modification reads : '' The 
maximum number of electrons in each shell or layer is proportional 
to the area of its surface ; thus successive layers can contain 2, 8, 
18, and 32 electrons. Groups of 8 and 18 electrons in a layer are 
stable, even when that layer can contain a larger number of electrons. 
The maximum number of electrons in the outer layer of an atom is 
8 : more than 8 electrons can exist in a shell only when there is 
an accumulation of electrons in an outer layer. During the change 
of an inner layer from a stable group of 8 to one of 18 or from 18 
to 32, there occurs a transition series of elements which can have 
more than one structure.’" This leaves unchanged the structures 
assigned by Langmuir to the elements of the First Period, but gives 
to all succeeding elements new structures which arc in better accord 
with Bragg’s atomic diameters and satisfactorily explain many 
chemical properties, for example, the similarities and differences in 
the triplets of Group VIII and the existence and chax'acters of the 
rare earths. It seems significant, too, that Bury’s structures for 
the inert gases are similar to those deduced by Bohr from the emission 
spectra. The argument of the paper cannot be reproduced in 
abstract and those interested will find that the original paper 
repays careful study. It has since been shown that Bury’s 
structures afford probabilities of complexity of spectra in general 
agreement with the observed numbers of lines for many elements. 

Another alternative disposition of electrons (2 : 8 : 18 : 32 : 18 : 8 
instead of Langmuir’s 2 ; 8 : 8 : 18 : 18 : 32) has been suggested by 
DauviUier,^ as a result of investigations of the L- and JT-series 
lines in the X-ray spectra of a number of the lieavier metals ; and 
he too supposes that chemical properties arc in part dependent on 
the internal electrons, and that inner electron shells may be incom- 
plete. Regarding the atomic radius ” as the distance from the 
centre to an electron group in the valency shell, it has been shown that 
the distance between atomic centres is often less than the sum of the 
atomic radii : a number of causes may b© adduced to explain the 
fact, among which the conception of bonds of more than one electron 
and the possibility of more than one arrangement of electrons within 
the atomic sphere are of interest, as they have already been 

0. B. Bury, J, Amer. Ohem. Soc.^ 1921, 43, 1602; ii, 43. 

^ H. S- Kiag, ibid., 1922, 44, 323 ; A., ii, 277. 

A. DauviUier, t/. Phys. Radium, 1922, [vi], 8, 154, 221; Compt rend** 
1921, 178, 1077; A., ii, 559, 678, 48. 

M. L. Huggins, Physical Bev., 1922, 10, 346; A., ii, 634. 
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supposed, on quite other grounds, to be possible. The suggestion 
is made that, in the second and third shells, the fifth and subsequent 
electrons pair with the first four to give a tetrahedral arrangement of 
pairs, and that the forces causing pairing result, in the case of the 
heavier elements, in the formation of triplets of electrons in the 
inner shells. 

This stimulating clash of theories evidently arises in part because 
chemical phenomena can best be interpreted by a static conception 
of the atom whilst physical evidence demands a dynamic conception. 
Therefore special interest attaches to the suggestion made by Sir 
Oliver Lodge that these views might be reconciled were chemical 
union attributed, not to electrical attraction between the atoms, but 
to interlacing of the stationary magnetic fields which must accom- 
pany rapidly revolving electrons. Theories of magnetism clearly 
tend to assume a form favourable to such an hypothesis ; and to 
the connexion between chemical constitution and magnetic properties 
in compounds, developed chiefly by Pascal (whose recent work 
confirms the usual view of the constitution of the acids of sulphur, 
phosphorus, and arsenic), is given new significance by experiments 
showing that ferro-magnetism is increased in iron and actually 
imparted to manganese by fusion in hydrogen, whilst the magnetic 
susceptibility of palladium is reduced by the adsorption of hydrogen. 
These phenomena may be explained by the assumption that the 
entry of hydrogen into the electron system of the metal produces a 
new system corresponding with the element of next higher atomic 
number, in the case of manganese, iron ; in that of palladium, 
silver.^® 


Atomic Weights. 

Glticinum . — Basic glucinum acetate, prepared from the technical 
carbonate, was recrystallised from glacial acetic acid until free from 
iron, sublimed, and converted into nitrate, which was dissolved in 
ammonium carbonate. Glucinum carbonate precipitated from this 
solution was calcined to oxide, and this, by ignition with carbon in 
a current of chlorine, gave the pure chloride, which was collected 
and weighed with exclusion of water. The ratios GlClg : 2Ag and 

M. b. Huggins, Science, 1922, 55, 459; J. Amer. Ohern. Sac., 1922, 44, 
1841; 4., ib 632, 744. 

Sir O. Lodge, Nature, 1922, 110, 341 ; see also W. Hughes, ibid., 1922, 
no, 37; 4., ii, 701, 632. 

For a useful summary, see A. E. Oxley, Nature, 1923, 111, 54, 

P. P^cal. Oompt. rend., 1921, 173, 7^12; 1922, 174, 467, 1698; 4., 1921, 
ii, 692 5 1922, ii, 285, 664. 

A. E- 024ey, Ptoq. Boy. Soc., 1922, £4], IQl, 264; 4., ii, 469. 
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GICI 2 : 2AgCl were determined in the usual manner, the mean result 
of all analyses being the value G1 = 9-018, appreciably lower than 
the accepted value G1 = 9-1. 

Boron. — ^By the methods used in the foregoing determination, 
the same authors have measured the ratios BCI 3 : 3Ag and 
BCI3 : 3 AgCl, three samples of purified boron trichloride giving the 
mean values B == 10-840, 10*818, and 10*825, respectively. The 
first value is rejected for discordance and the rounded mean of the 
latter two values, B == 10-82, is taken. 

Baxter and Scott reduced boric oxide with exei ss of inagnesiuin, 
extracted with hydrochloric or hydrobromic acid, and treated the 
resulting boron at 700° with chlorine or with argon saturated with 
bromine vapour. The samples of chloride or bromide thus prepared 
were freed from excess of halogen and repeatedly distilled through 
Hempel fractionating columns in evacuated glass apx:>aratus. Each 
then gave, when compared with silver in the usual way, the value 
B = 10-83 ± 0-01. These results, differing by no more than 1 part 
in a thousand, are a great improvement on those formerly available, 
and accord much better with the isotope ratio determined by Aston 
than, for example, the value B = 10*900 found by Smith and van 
Haagen.^^ 

Yttrium. — Yttria, prepared from Norwegian gadolinitc and 
purified by a rigorous and jjrolonged j)rocess of fractional crystallis- 
ation (as bromate) and fractional precipitation, converted into 
chloride and titrated with weighed silver in the usual way gave, 
as the mean of twenty-one values varying from 88-97 to 89-08, thc^ 
value Yt == 89-03.^® 

Lanthanum. — The low value. La =: 138-91, found by Baxter, 
Tani, and Chapin,^^ has been confirmed by determination of tlm 
ratio LaCl 3 : 3Ag using spectroscopically xjuro lanthanum chlorkh*. 
Ten experiments gave for the atomic weight extremes valuers of 
138*84 and 138*97, with a mean La 138-89.^'** It seems (-lear, 
therefore, that the international figure, La ^ 139-0, is too high. 

Some work has been recorded on meabiirement of atomic weights 

O. Htoigsehmid and h. Birckenbach, /jfer., 1022, 55, l-BJ, 4; *4., ii, 

214. 

Anal. Ms. Quim., 1922, 20, 157; A., ii, 641, 

G. P. Baxter and A. F. Scott, Science, 1921, 64, 524 ; A,, ii, 285. 

E. F* Siiiith and W. K- van Haagon, Cahiegie Inst. ItdB, 267, 1 ; 

A., 1920, li, 247. 

H. 0. Fogg and C. James, J*. Amer. Ohem, 80 c., 1922, 44, 307; A*, 
ii, 297. 

^ G. P. Baxter, M. Tani, and H. C. Chapin, ibid., 1921, 43, 1080; A., 1921, 
ii,^4. 

^B. S. Hopkins and F. H. Briggs, ibid., 1922, 44, 1927; A. ii, 770. 



ijsroBGAisrio chemistby. 


35 


by physical methods. Forty-five determinations gave a mean 
value of 1*42897 0*00007 grams for the weight of the litre of 

oxygen at 0"^ and 760 mm. in latitude 45"^, in close agreement with 
other recent work on this constant but less by 0*00008 gram than 
the accepted value. Recalculation from the known density of 
hydrogen bromide, using the new value for oxygen, gives Br = 
79 * 927.27 

Detei’minations of the normal density and compressibility of 
carbon dioxide and ethylene give values for the atomic weight 
of carbon, 11*998 and 12*000, respectively, appreciably lower than 
the international value, C = 12-05, but in better accord with 
atomic theory ; and the gravimetric determinations of Richards 
and Hoover have been criticised.^® On the other hand, a strong 
protest has been entered against such use of atomic weights 
derived from gas densities in criticism of '' chemical atomic weights, 
and supported by proof that the proportion of impurities in 
atomic weight silver and iodine is very much smaller than has been 

alleged. 


Chemical Meaction . 

Before proceeding to deal with individual elements in Groux? 
order, consideration must be given to certain results which cannot 
be placed in any definite category (unless we invoke the hard-pressed 
word catalysis) and yet are clearly of fundamental significance. 

Baker has extended the experiments previously reported.®® 
Pure liquids were sealed up in Jena-glass flasks with pure phosphoric 
oxide and after lapse of time were opened to atmospheric pressure 
through dry mercury and gradually heated, precaution being 
taken to avoid superheating : the temperature of steady ebullition 
was taken as the boiling point wdth. the results given in the 
table : 


111. Moiefci, J. pliifsiquc, 1921, 19, 100; K. Moios and Gouzdlez, 

AnaL Fis, Quim., 1922, SO, 72; E. Moles and M. Orespi, ibid.^ 190; ii, 
141, 497, 036. 

E. Moles, «/. Chim. physique, 1921, 19, 135; *4., ix, 140. 

Fh. A. Guye and T. Batuecas, Helv, Ohim, Ada, 1922, 5, 532; T, Batue- 
c-as, ibid,, 544; A., ii, 617, 618. 

B. Moles, AnaL Fis. Quim,, 1921, 19, 255; A., ii, 51, 

G. F, Baxter, </. Amer. Chefn, Soc,, 1922, 44» 595; A., ii, 370. 

G. F. Baxter and h. W. Farsons, ibid., 577 ; G. F. Baxter, ibid,, 1922, 
44, 591; A., ii, 376, 377. 

F, A- Guye and F. E. E- Germann, Compt, rend,, 1914,159,225; A., 
1914, ii, 727. 

H. B. Baker and iSluriei Baker, 1912, 101, 2339. 

H. B, Baker, ibid,, 1922, 121, 568. 
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Bromine 

Period of 
drying 
(years). 

8 

Original 

boiling 

point. 

63° 

Hew 

boiling 

point. 

118° 

Bise in 
boiling 
point. 
55° 

Mercury 

9 

358 

420 — 425 

02 

Hexane 


68*4 

82 

14 

Benzene 

8| 

80 

lOG 

26 

Carbon disulphide 

1+27 

49*5 

80 

30 

, , tetrachloride . . . 

9 

78 

112 + 

34 

Ethyl ether 

9 

35 

83 

48 

Methyl alcohol 

9 

66 

120 + 

54 

Ethyl alcohol 

9 

78*5 

3 38 

r>o 

Propyl alcohol 

9 

95 

134 

39 


These large differences of boiling point ai’o undoubtedly rc'al. The? 
mercury maintained at 360*^ for thirty minutes did not boil and gave 
only a trace of condensate above the liquid : the licxane was 
transferred to another flask, not specially dried, and still boiled 
at 81*^ : water could bo boiled through the benzene with only 
slow evaporation of the latter : and the ether at 20'^ hud a vapour 
pressure of 374 mm. only, as against the normal value of 442 mm. 
The liquids recover their normal boiling points on exposure^ even 
to air dried with sulphuric acid and phosphoric oxide; bt*nz(uie 
slowly, othyl ether and the three alcohols very rapidly. 

Comparative experiments with dried and undried bromine, 
benzene, hexane, and nitrogen tetroxide showed that the capillary 
rise increased steadily during drying to a value whi(‘h indicates 
an increase of molecular weight to 1-5 — 3*0 times that for the norn^al 
liquids. These results clearly support the earlier hyi')otheHiH that 
drying shifts the equilibrium between normal and associated mole- 
cules ; possibly because absence of water hinders or inhibits dis- 
sociation, as it is known to do in the case of certain vapours, and has 
no effect or a smaller effect on the opposing association. If, as 
is usually supposed, the degree of association of a liquid is mcreased 
by lowering of temperature, information as to whethew association 
is stopped or merely hindered might be obtained by ascertaining 
.the ultimate effect of drying different specimojtis of the same liquid 
maintained at widely different temperatures throughout the wholt^ 
period of drying. It has been shown, rather unexpectt^dly, that in 
benzene, carbon tetrachloride, carbon disulphide, ether, bromine, 
sulphur dioxide, and nitrogen trioxide, drying produces no change 
in volume as great as 1 part in 10,000. 

Thermometers suspended in the vapour from dry hexane and 
benzene, boiling at 82° and 106°,* respectively, showed tomperaturcB 
of 68*4° and 80°, the boiling pointy of the normal liquids ; a very 
curious result. Smits had previously suggested®^ that, supposing 
internal change to be inhibited by. drying, fractional distillation 

A. Smits, Z. 'physikal, Chem^, 1922, 100, 477 ; A,, ii, 35S. 
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should result in a separation of the normal and associated liquids, 
and later experiments have shown that if a specimen of dried 
benzene is distilled over completely, the temperature of a ther- 
mometer suspended in the vapour shows a steady rise, indicating 
that fractional distillation does, in fact, occur. 

Apparently, similar changes may take place in the solid state, 
preliminary experiments having shown that the melting points of 
sulphur and iodine, originally 112-5° and 114°, are, after nine 
years’ drying, 117-5° and 116°, respectively. 

It has been found that the reactivity of ammonia, measured by 
the expansion at constant temperature resulting from its partial 
dissociation in contact with an activated platinum wire heated by a 
definite current for a definite time, is the same for ammonia obtained 
by slow escape from a commercial cylinder of liquid ammonia, by 
heating aqueous ammonia and drying the gas with quicklime, or by 
liquefying either preparation and allowing it to evaporate isothermally 
at its boiling point. Under the same conditions, ammonia allowed 
to escape very rapidly from a cylinder had a much lower reactivity, 
and it is concluded that an inactive ” phase of ammonia has thus 
been obtained which contains more molecules of the type character- 
istic of, liquid ammonia than are normally present in the active ” 
phase, and that the existence of such active and inactive phases 
explains the chemical inactivity of dried gases and supports the 
radiation theoi*y of chemical reactivity.^^ 

It may be suggested, however, that the experimental results 
will bear a simpler, if less significant, interpretation. It is known 
that ordinary commercial ammonia, dried over lime, contains 
about 1 j)er cent, of water, and that rapid, irreversible distillation 
such as may occur by free discharge of gas from a cylinder of liquid 
is a very effective means of separating the constituents even of a 
constant-boiling mixture, so that the gas thus obtained may well 
be considerably drier than that in real equilibrium with the cylinder 
liquid. Ealy lias found that addition of water vapour to ordinary 
ammonia increases its reactivity, dr 3 dng certainly decreases its 
reactivity, and so the greater dryness of the inactive ” form would 
appear to bo capable of explaining the whole of the observations, 
including the '' recovery ” of the gas in cylinders on standing (by 

H. JB. Baker, pi-ivate commumcation. 

K. a C. Baly and H. M. Duncan, T,, 1922, 121, 1008. 
as Tho liquidogon ” molecules of Traubo, Ann, Physih^ 1002, [iv], 8, 

E. 0. C. Baly, PUL Mag., 1920, [vi], 40, 15; Trans. Faraday Hoc., 
1922, 17, 588; A, ii, 028. 
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acquisition of the equilibrium content of water vapour), identity 
of slowly released cylinder gas with laboratory preparations dried 
by lime, recovery of inactive ” gas in the experimental tube when 
the wire is heated at 200'^ (release of adsorbed water from the wire 
or walls), and the increase in reactivity of “ inactive ’’ ammonia 
with increase of temperature of the ware (the five pairs of figures 
given show that twenty seconds’ heating wdth currents of 4-00, 
4-10, 4-26, 4*35, and 4-50 amps, produces decomposition in the ratios 
active /inactive == 2-18, 1-76, 1-60, 1*46, and 1*35, respectively). 

The activation ” of chlorine by light, a subject of much l^ast 
controversy, has been reafiirmed. A rigid series of experiments 
proves that when chlorine is exposed to sunlight or intense ultra- 
violet light and mixed with hydrogen in the dark, reaction occurs 
immediately on exposure of the mixture to the light of two 100- 
watt tungsten lamps, whilst with chlorine not so insolated reaction 
is delayed by the knowm induction period ” of about two minutes. 
The effect of insolation persists in the dark for three hours, but is 
diminished after twenty-four hours and disax^j)^^^^^ after several 
days* An equally rigorous series of experiments shows that chlorine 
exposed to the light of a 3000-watt Bovio quartz mercury lamp or 
to a high tension discharge will not react with hydrogen in the dark 
even when the interval between insolation and mixing is only 0-01 
second, so that any explanation of activation in terms of the forma- 
tion of a triatomic or other active form of chlorine seems imi:)robablo* 

A* globule of fused calcium chloride between two copper 
wires shows great decrease in resistance in presence of a trace of 
moisture, and use of this device as a ‘‘ detector ” has showm ^ that 
pure hydrogen reacts with copper oxide at a definite and reproducibie 
temperature, which is lowered some 20® if the hydrogen first passes 
over platinised asbestos. Similar results were obtained with hydro- 
gen and sulphur, formation of hydrogen sulphide (detected by lead 
acetate paper) occurring at a lower temperature if the hydrogen 
first passed over palladium black. The activated hydrogen, was 
found to be ionised, but only to an extent considered altogether 
insufficient to explain reaction; and the persistence of the pheno- 
menon when glass wool was interposed between the platinised 
asbestos and copper oxide and the absence of any change in refractive 
index by activation or increase of volume on decay seem to show 
that the observed effects cannot be attributed to monatomic or 
triatomic hydrogen. The explanation advanced is that the internal 

G. Lf. Wendt, R, S. handauer, and W. W. Swing, */. Amer. Ohem. 8oc., 
1922, 44, 2377; A., 1923, ii, 22. 

P. Anderson, T., 1922, 121, 1153; see also, R. H. Pease and H. B. 
Taylor, J. Amer, Chem. Soc.^ 1921, 4^, 2179; A., ii, 148, 
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energy of the hydrogen molecules is increased by contact with the 
platinum onpalladium : this should result, presumably, in a lowering 
of the temperature of the metal, and the explanation might thus be 
tested experimentally. 

Lastly, reference may be made to the mysterious Tariation 
observed in the rate of decomposition of mercuric fulminate in a 
vacuum at 80°, which seems to bear some resemblance to the 
foregoing unexplained phenomena. 

The Inert Gases. 

A spectrophotometric method has been developed for the estim- 
ation of krypton and xenon in admixtures with argon. Positive- 
ray analysis of the residues from a thousand tons of Kquid air has 
given evidence of new constituents of the atmosphere with molecular 
weights 163 and 260 ; but the observed lines may be due to diatomic 
molecules of xenon and krypton.^^ 

Precise determinations show that the solubility of helium has not, 
as was supposed, a minimum at 20°.^*^ A detailed account of the 
distribution, sources, and chemical composition of helium-bearing 
natural gases has been published.*^^ 

Anderson has shown that in the explosion of metallic wires 
by heavy condenser discharges a temperature of some 20,000° is 
attained in the wive in 1/300,000 second. It is now reported that 
thin tungsten wires exploded in this way yield gas which when 
obtained in a vacuum shows the helium spectrum, and if obtained 
in an atmosphere of pure carbon dioxide and measured after 
absorption of the latter in alkali has, as the mean of twenty-one 
experiments, a volume which corresponds to an amount of helium 
about 25 per cent, of the weight of tungsten taken.®® This result, 
if confirmed, would appear to be the first case of atomic decomposition 
by artificial means. 

Group I. 

Active hydrogen has been prepared in the Siemens ozoniser, 
using both induction coil discharge and a Tesla discharge of much 
higher frequency and voltage, and also by passing pure hydrogen 
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over a platinum' wire heated electrically at 800®, the effect in this 
case being probably due to the emission of positive ions. It is 
decomposed by contact with certain metals (Pt, Ni, Cu, Pb, Sb, Cd) 
and unchanged by others (Ag, Hg, Sn, Bi, Mo, Zn, Al). Definite 
proof was obtained that hydrogen contracts when activated and 
recovers its original volume on standing, and that the active form 
condenses to a liquid at or slightly above — 180®. A relatively slow 
progressive change is observed in the spectrum produced by the 
discharge during the activation at — 180®, the Balmer series giving 
way to the secondary line spectrum. These results, especially 
the evident smallness of the energy change involved in its therm- 
ionic production, support the original view that this active hydrogen 
is in fact triatomic hydrogen, Hg (named hyzone^ by analogy with 
ozone), rather than the isotope of hydrogen, isohydrogen ^ of atomic 
weight 3 (containing a single atomic nucleus of three protons) 
postulated by Harkins as a unit of atomic structure and, raihor 
unfortunately, symbolised by him as H^. 

Wood has observed that long vacuum tubes containing hydrogen 
give, in the central portion, mainly the Balmer series spectrum and 
at the ends mainly the secondary spectrum. On closing the switch, 
a momentary flash of the secondary spectrum, lasting about 1 /50 see., 
is seen throughout the tube, provided that 1/6 sec. or more haw 
elapsed since the previous discharge. With dry hydrogen, no 
Balmer series is seen unless a momentary heavy condenser discharge 
is passed. Gas drawn by a pump from the central portion of ihe^ 
tube and caused to impinge upon fractured glass surfaces {ox some 
metals, oxides, and other substances), raises them to incandeBcenc 4 ^^ 
The explanation advanced is that molecular hydrogen (to whi<th 
the secondary spectrum is attributed) is dissociated by the diHC*harge 
to form atomic hydrogen (believed to be the source of tlu^ Balnicn' 
spectrum), the incandesence of solids being due to their acting as 
catalysts for the exothermic recombination of the atoms. 

Clearly the phenomena observed by Wendt and by Wood arc 
very intimately related, but further experiment is necessary to 
decide finally which interpretation is correct, although Wendt’s 
seems more probable. There is a concurrence of opinion that the 
clean-up ” of hydrogen and nitrogen in discharge ttibes m due to 
chemical changes.^ Evidence has been obtained that active 

G. L. Wendt and B. S. Landauer, J, Amer, Ohem. Bop.. 1922, 44, 51 C* 
A., ii, 369. 

B. W. Wood, JPhU. Mag., 1921, [vi], 42, 729; A., 1021, ii, 065. 
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modifications of hydrogen and nitrogen are produced also by the 
action of a-rays.^® 

Measurement of the dissociation tensions has shown that lithium 
hydride is the most stable of all the alkali and alkaline-earth hydrides, 
those of calcium, strontium, and barium decreasing in stability in 
the order named.®'^ X-Ray photographs of lithium hydride show a 
structure similar to that of sodium chloride, with positive lithium- 
ions and negative hydrogen-ions,^ and the view that metallic 
hydrides are true salts, in which hydrogen acts as a halogen, is 
vindicated also by very ingenious and skilful experiments proving 
that electrolysis of a solution of calcium hydride in a fused eutectic 
mixture of potassium and lithium chlorides gives hydrogen at the 
anode in the quantity required by Faraday’s law.^® 

Pure hydrogen peroxide is diamagnetic to a greater extent than 
water and therefore does not appear to contain the molecular 
linking characteristic of molecular oxygen ; its solubility in alcohol 
is 18 per cent, and in ether 1 per cent. ; it is insoluble in pure dry 
benzene. Curves of solubility for sodium chloride^ sodium nitrate, 
and sugar in hydrogen peroxide are generally similar to those for the 
same substances in water and indicate a similar degree of ionisation 
of the salts. The curve for sodium sulphate in hydrogen peroxide 
differs materially from that in water, owing to the formation of the 
compound Na 2 S 04 , 2 H 202 . The halogen hydrides are apparently 
insoluble in the peroxide, but are oxidised thereby ; and the halogens 
are much less soluble than in water. Investigation of the freezing- 
point curve for the system NH^— HgOg up to a concentration of 
60 per cent, of ammonia shows the existence of one compound only, 
NHgjHaOg, m. p. 24*5®, which can be prepared also by the action of 
ammonia on the peroxide in anhydrous ether. Hydrogen peroxide 
is quite stable in the absence of water, but its decomposition is, 
of course, autocatalytic.®® 

Lithium nitrate, with a little water, is a good absorbent for 
ammonia, and the resulting liquid, unlike those produced with 
ammonium nitrate or thiocyanate, has no corrosive action on steel 
or iron.®^ 

Fused caustic soda contains about 1-1 per cent, of water, which 
can only bo removed by heating at 500® in a vacuum. The action 
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upon iron, nickel, and copper of fused caustic soda, with and without 
the addition of 5 — 10 per cent, of sodium peroxide, has been studied 
at 350 — 720°‘; the* results are very complex and interesting, many 
definite crystalline products having been obtained. That obtained 
from iron forms transparent red hexagonal crystals, stable to 
boiling water or aqueous caustic soda and to cold dilute mineral 
acids, but apparently decomposing when kept; analysis gave the 
composition Na 2 Fe 30 e, and there is some evidence that a similar 
compound is formed with nickel. 

Sodium sulphate tetrahydrate, Na 2 S 04 , 4 H 20 , otherwise unknown, 
has been shown to exist in mixed crystals with sodium chromate. 

Experience gained in the preparation of free tetraethylammonium 
has led to the preparation of free ammonium in about a 50 per cent, 
yield by the addition of a 1-8 per cent, solution of potassium in 
liquid ammonia to a 1 per cent, ammonia solution of ammonium 
chloride at — 70°,®^ 

Rubidium bromate, prepared from the pure carbonate and bromi<; 
acid and re crystallised, forms, like caesium bromate, small hexagonaJ 
crystals resembling cubes, m. p. 430°, and sparingly soluble in 
water.®^ 

Measurement over a range of temperatures of the dissociation 
pressures of hydrated cupric alkali sulphates, of the type CUSO 4 , 
showed the stability at any given temperature to 
increase in the order K, Rb, Tl, NH 4 , Cs ; and it is inferred that th(^ 
basicity of the corresponding hydroxides increases in the same 
order.®® 

Excess of hydrogen peroxide gives with cold solutions of sodium 
copper carbonate a gelatinous, yellowish-brown precipitate having 
an oxygen : copper ratio between Cu ; 1|0 and Cu : 20, thus atford- 
ing fresh evidence for the existence of an unstable peroxide, 

The action of potassium persulphate on cuprous hydroxide in presence 
of barium hydroxide below 0 ° is said to give the oxide CU 2 O 3 whitsh, 
whilst an oxidising agent, is apparently not peroxidic.®® 

Cuprous sulphide is formed by the action of sulphur on cuprous 
chloride.®® Cupric sulphide on oxidation by air yields free stilphur 
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if freshly precipitated, but only cupric sulphate and thiosulphate 
if preserved for some hours before exposure to oxygen ; the exist- 
ence of two modifications, formulated as Cu^^IS and Cu^ISIS, is 
inferred.*^® 

The corrosion of copper by ammonium nitrate and ammonia 
has been found to yield cupric tetrammine nitrate and nitrite, and 
the preparation of the latter compound from basic cupric nitrite 
and ammonia is described. Dry cupric tetrammine nitrate is 
remarkably stable, retaining its ammonia at 120"^ in a vacuum, but 
exploding at 212° : the nitrite loses ammonia at 95 — 100° in air, 
forming the diammine nitrite, Cu(NH 3 ) 2 (N 02 ) 2 .'^^ 

A strong solution of sodium persulphate (preferable to the 
potassium salt because of its greater solubility) acts on finely 
divided crystalline silver or concentrated aqueous silver nitrate 
to give a black peroxide which, in the latter case, gave an atomic 
ratio O/Ag as high as 1-295 and therefore was possibly impure 

In sharp contrast with a number of doixbtful or negative results, 
Hartung, using a Steele and Grant type B quartz micro-balance 
carrying 43 mg. and sensitive to 2 X 10“^ mg., has shovm that films 
of silver chloride, bromide, or iodide, formed by direct halogenation 
of silver films, deposited from a tartrate silvering solution on thin 
silica suj)x>orts, are darkened on exposure to light and lose weight, 
in some exxDei'iments with the chloride to the extent of more than 
80 per cent, of the halogen present in the salt. Decomposition was 
accelerated in a vacuum or by presence of ozone, and rehalogenation 
restored the original weight and colour.'^® It seems clear, therefore, 
that Tieither oxygen nor water is essential to light action on the silver 
halides, and that their decomposition yields metal and halogen, and 
not a sub -halide. 

Adsorption of iodine from aqueous or alcoholic solution does not 
occur with pure silver iodide,*^^ and Carey Lea’s observation to the 
contrary was j^robably due to the presence of silver nitrate as an 
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impurity in Ms silver iodide. Silver percMorate is extremely soluble 
in water and moderately soluble in benzene, and the three com- 
ponents form a remarkable system which has been studied up to the 
melting point of silver nitrate ; silver perchlorate and water have 
the lowest eutectic point known for a true salt and water, — 50-2° ; 
and a hydrate, AgC 10 ^,H 20 , and a compound, AgC 104 ,C(.HQ, have 
been isolated.'^'^ Silver bromabe is dimorphous, forming tetragonal 
crystals below and hair-like crystals above the transition point, 
98-5° ; the dry salt melts at 308 — 310° and is stable to light ; it 
may advantageously be substituted for arsenious oxide as a standard 
in iodometry.'^® The existence of colourless and yellow forms of 
alkali silver thiosulphates is confirmed, and several new compounds 
of this type are described.*^® 

A number of new, complex gold chlorides containing ammonium, 
rubidium, and csesium have also been prepared.®® Anodic oxidation 
of gold in dilute sulphuric acid is showm to yield auric hydroxide.®^ 
Hydrogen sulphide in excess reacts with very dilute aqueous chloro- 
auric acid to give pure auric sulphide, but the sulphides Au^S and 
AugSg could not be obtained.®^ 

The existence of reaction limits in gold alloys previously reported 
has been confirmed by electrochemical investigations,®^ and Tam- 
mann’s explanation, although subject to criticism, still appears 
the most probable.®® 

Groii'p II. 

A comparison of the band spectrum of glueinum with that of 
aluminium confirms the close similarity of atomic structure for 
these metals which would be anticipated from their chemical 
relationship .®® 

Glueinum hydroxide precipitated from the sulphate by ammonia 
is found always to contain much ammonium sulphate, which cannot 
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be washed out unless the hydroxide is first dried and powdered ; 
when thus purified and dried, it approximates closely to the 
composition GICOH)^. 

The form of the 25'^-isotherm for the system G 1 S 04 ~(NH 4 ) 2 S 04 ~- 
HgO shows that over the range 27 — 30 per cent, of GISO^ and 28 — 37 
per cent, of (^ 114 ) 2804 , the solid phase is the double salt, GISO 4 , 
(]SrH 4 ) 2 S 04 , 2 H 20 ; and solubility determinations for glueinum 
sulphate in water indicate that G 1 S 04 , 4 H 20 is the only solid phase, 
and that the hexahydrate previously reported is not formed.®® 

Dilute magnesium amalgam absorbs ammonia with separation 
of a solid solution of magnesium hexammoniate, Mg(ISrH 3 )g, in 
mercury ; ®® and thermal analysis of the system magnesium-mercury 
shows the existence of the compounds MgHgg, with transition at 
170° to MgHg, m. p. 625°; Mg^Hgg, m. p. 562°; and MggHg, m. p. 
580°.®® 

Magnesium perchlorate has been found to form a trihydrate as 
well as the hexahydrate previously described : it is completely 
dehydrated without decomposition at 250°, and the anhydrous salt 
has a remarkable avidity for water and has been proved to be 
an excellent neutral drying agent, rather slower in action than 
phosphoric oxide but as efficient as the latter at the ordinary 
temperature, capable of absorbing a greater quantity of water per 
unit weight, and easily regenerated by heating.®^ Evidence is 
adduced for the existence of magnesium sulphate octahydrate, 
having a transition point to the hcptahydrate at 48'2°.®2 

An imj)rovcd method is given for the electrolytic preparation of 
dilute calcium amalgam.®® Metallic calcium gives a vapour pressure 
curve which, by extrapolation, indicates a boiling point of 1240°; 
but the metal used contained nearly 3 per cent, of impurity, including 
1-62 per cent, of magnesium,®^ and it seems appropriate to repeat 
the protest entered in a previous Report against the use of impure 
or indefinite material in exact determinations. Pure calcium is 
found to be almost passive toward nitrogen, but the presence of more 
electropositive metals (K, Ba) or, better, calcium nitride favours 
reaction.®^ 
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The' existence of solid calcium— ammonium at — 15° to + 30° is 
confirmed; and new compounds of calcium chloride with 1 mol. 
of ammonia and of calcium bromide and iodide with 1, 2, and 8 
molecules of ammonia have been prepared, and the vapour tensions 
of these and the known ammines determined. The second calcium 
silicide previously rej)orted and variously formulated by different 
workers, is now shown to be calcium monosilicide, CaSi or 

Strontium is completely insoluble in solid lead, but forms one 
compound, PbgSr, m. p. 676°, which is said to form with lead a 
eutectic melting at the same temperature as lead.^ 

Reaction between nitrogen in excess and compressed mixtures 
of barium carbonate with wood-charcoal or graphite attains a 
practicable velocity at 1300 — 1400° : in fifteen to thirty minutes 
at this temperature, formation of cyanide reaches a maximum of 
65 per cent., which is not increased at 1600°. The primary change 
produces barium carbide, which then reacts with nitrogen to foi'm 
c^j-anide ; cyanamide formation is due to a secondary reaction which 
is facilitated by higher temperature.^ 

Barium sulphate dissolves in 98 per cent, sulphuric acid at 25° 
to the extent of 14*9 grams/100 c.c., and the solution contains 
barium sulphuric acid, H 2 [Ba(S 04 ) 2 ], which can be accumulated 
and crystallised in the anode compartment by electrolytic transport . 
Barium selenic acid can be prepared in a similar manner or by 
crystallisation from a saturated solution of barium selenate in 
selenic acid/'^ 

Thermal analysis shows the zinc-arsenic alloys to comprise two 
brittle compounds, Zn 3 As 2 , m. p. 1015°, and ZnAsg, xn. p. 771°;* 
and indicates that magnesium and cadmium form one compoun<I, 
CdMg, soluble in aU proportions in either metal, ^ 

Cadmium dissolves in aqueous ammonium nitrate quietly and 
without evolution of gas, and it has thus been proved that impuritievs 
in the metal form a net-like structure between the crystallites,® 
Tests of the method previously described for the purification 
of mercury by air at 150° showed that it removed lead completely 
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with a loss of 2 per cent, of mercury as against a loss of 3-7 per cent, 
when purification was effected in the usual way with nitric acid 
(d 1*1 75), but that tin was not completely eliminated by fifteen 
hours’ air treatment (loss 1-4 per cent.) or by three passages through 
nitric acid (loss 9-2 per cent.).® A study of the equilibrium between 
mercuric chloride, yellow mercuric oxide, and water at 35"" shows 
the existence of two oxychlorides of mercury ; HgCl 2 , 2 HgO, forming 
purplish-scarlet needles, and HgCl 2 , 4 HgO, a brownish-yellow 
amorjDhous substance which appears to form a solid solution with 
mercuric oxide. ^ 

Qtou'p III. 

The potassium salt of hexahydrodioxy diboron has been isolated. 
Magnesium boride is extracted with dilute aqueous potassium 
hydroxide, the extract is concentrated in a vacuum, separated from 
potassium ni elaborate and magnesium hydroxide and further 
concentrated, and the residue is washed with methyl alcohol and 
recrystallised two or three times in a vacuum from water free from 
carbon dioxide. It forms slightly deliquescent, colourless crystals, 
easily soluble in water. The solution has an alkaline reaction, is a 
powerful reducing agent, and yields hydrogen when acidified and 
ewen, slowly, on exposure to atmospheric carbon dioxide; concen- 
trated nitric acid acts upon the solid salt so vigorously that the 
hydrogen evolved takes fire. The salt in solution evolves 2-95 per 
cent, of its weight of hydrogen ; the residual solution can further 
absorb 1 atom of iodine for each two atoms of hydrogen previously 
evolved ; and measurements of equivalent conductivity indicate 
that the molecular formula is K 2 O 2 B 2 H 4 . 1 ® The properties of the 
salt thus confirm the earlier view that aqueous extracts of 
magnesium boride contain the acid Hg!B 2025 to which the structural 
formula (f) is attributed because it best represents the loss of hydro- 
gen to form (II) and the subsequent interaction with iodine (III). 


(T.) Ii>:B*OH _ 9H (IT-) B-OH , T (III.) B-O 

hJ-OH I-OH -- 


In the course of attempts to prepare complex polyborates, the 
pentaborates of potassium, rubidium, and thallium, 
crystallising with 8 , 10 , and 8 H 2 O, respectively, have been prepared.^^ 
Crystalline aluminium hydroxide, identical under X-ray examina- 
tion with the mineral gibhsite, begins to decompose only at 145° and 
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at 200 ° still retains 8 per cent, of water, which is completely removed 
only at much higher temperatures. The product of dehydration 
at 275° adsorbs water, but does not combine with it. Alumina 
prepared by dehydration at 325° gives an X-i‘ay pattern which 
indicates a structure, crystalline, but different from that of diaspora, 
AlgOgjHgO, or corundum ; the product of calcination above 1000 ° 
gives the pattern of corun dum.^^ 

Aluminium chlorosulphoxide, AlClgjSOg, is obtained by agitating 
powdered aluminium chloride with sulphuryl chloride for eight 
hours at 0 — 30° with rigid exclusion of water; when treated with 
sulphur or sulphur monochloride in sulphuryl chloride solution, 
it yields a crystalline precipitate of the comjDOund A] 2 CI^,S 2 Cl 2 . 
Both compounds are violently decomposed by water, in the latter 
case with separation of free sulphur, and are extremely active agents 
for the chlorination of organic compounds. 

It has been found that hydrochloric and sulphuric acids do not, 
as has been supposed, reduce thallic oxide, but dissolve it to form the 
corresponding thallic salts. The existence of an acid (or mixed) 
sulphate, with a ratio T1 : SO 4 ==1:2, has been confirmed ; and 
the reduction of thallic salts by hydroxylamine, ferrous sulphate, and 
sodium arsenite has been found to proceed according to the equations 
TI2O3 + 2NH2-OH — > TI2O + SH^O + NaO ; TlgCSO^}^ + 4 FeS 04 — > 
2 TI 2 SO 4 + 2 re 2 (S 04 ) 3 ; TI 2 O 3 + AS 2 O 3 — TI 2 O + As^O^.^® There is 
reason to believe that TI 2 SO 4 , 112 ( 804)3 and 5 TI 2 SO 4 , 112 ( 804)3 are 
the only thallous-thallic sulphates which exist.^® 

Thermal analysis of the system Tl 20 ~B 203 indicates the existence 
of thallous ortho-, meta-, and pyro-borates, the first melting at 
370° with decomposition and the others melting at about 474° and 
434°, respectively.^^ Double halides of thallium and bismuth, 
2 TlBr,BiBr 3 and 2 TlI,Bil 3 , precipitated by potassitzm bromide 
or iodide from nitric acid solutions of the constituent metals, form 
respectively lemon-yellow and red hexagonal crystals, readily 
hydrolysed to thallous halide, bismuth oxyhalide, and free halogen ; 
and some double thiosulphates of thallium and arsenic, anti- 
mony, or bismuth, of the type Tl 3 M(S 203 ) 3 ,^® and complex or 

b, H. Milligan, J*. Physical Ohem,^ 1922, 26, 247; A., ii, 447. 

O. Silberrad, T,, 1922, 121, 1015. 

A- J. Berry, 394. 

A, Benrath and H. Espenschied, Z. anorg. Ohem., 1922, 121, 361; A,, 
ii, 604. 

G. Ganneri and B. Morelli, Aui B. Accad. Lince% 1922, [v], 31, i, 109; 
A., ii, 571. 

G. Ganneri and G. Berina, Gazzetm, 1922, 52, i, 241; A., ii, 512. 

G. Canned, ibid,, 37; A,, ii, 378. 

V. Cuttica and A, Paciello, ibid.» 141 ; A., ii, 377, 
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double nitrites of tballium with copiDer, nickel, barium, or lead, 

Tl3[Cu(N02)5] ; 02)e] ; TmO^,2Bs^(NO ^)^ ; STINO^, 

Pb(N 02 ) 2 jH[ 2 ^ have been described. 

A careful re determination has been made of the densities of the 
oxides of six rare-earth metals (La, Pr, Nd, Sm, Eu, Gd),^^ and a 
good deal of work, which cannot usefully be summarised here, has 
been done on the separation of the rare-earths by basic precipitation 
and kindred methods, and on the extraction of scandium from 
thorveitite and its purification.^^ 

Group IV. 

The fusion of carbon at atmosj)heric pressure by resistance heating 
of carbon rods is reported : the solidified drops of carbon and the 
points from which they arc detached are said to consist of pure 
graphite.^^ The observation that diamond is unchanged when 
heated at 1100° in carbon dioxide but becomes covered with 
amorphous carbon would, if correct, seem to afford a possible 
means of prex>aring pure carbon without possibility of contamination 
with hydrogen, an attempt to obtain this by decomposition of carbon 
monoxide at 450° in presence of ferric oxide having failed.^® 

When aqueous carbon dioxide is added to a large excess of 
ammonia, the anhydrous carbon dioxide immediately forms 
ammonium carbamate, which is sufficiently stable to permit the 
precipitation of the carbonate carbon dioxide as barium carbonate, 
Tliis method has been applied to a study of the hydration of carbon 
dioxide in solutions of sodium hydroxide and sodium carbonate.^^ 

Iron pentacarbonyl is best obtained from iron and carbon monoxide 
at 200° and 300 atm. pressure ; molybdenum carbonyl, formerly 
supposed to be Mo(CO)6, is now found to have a Mo : CO ratio 1 : 6-2, 
best represented by Mo^ (00)26 or a similar complex formula. Two 
ruthenium carbonyls are obtained at 300 — 400 atm. pressure : one 
a crystalline solid of unknown composition, soluble in benzene but 
insoluble in alcohol or water; the other a chocolate-brown, 
amorphous solid, Ru(GO) 2 j insoluble in benzene, but soluble in 

W. Prandil, Ben, 1022, 55, [B], 692; A., ii, 379. 

22 W. Prandtl and J. liauohonborgor, Z. anorg. Chem., 1921, 120, 120, 311; 
W. Prandil and J. LOnch, ibid., 1922, 122, 159; P- H. M.-P. Brinton and 
O. JamcH, J. Amer. Chem. 1921, 43, 1397, 1446; A., ii, 298, 770, 769, 

62, 39. 

22 P* Urbain and G. Urbain, Com'pt. rend., 1922, 174, 1310; A., ii, 504. 

2* B. ByechkewitBch, Z. Elehtrochcm., 1921, 27, 445; 1922, 28, 185; 

compare F. Bauorwald, ibid., 1922, 28, 183; A., 1921, ii, 696; 1922, ii, 443. 

A. Foix, Bull. 8oc. chim., 3 922, [iv], 33, 678; A., ii, 641. 

J. l\ Wibaut, Rec. trav. chim., 1922, 41, 400; A., ii, 566. 

27 O. Faurholt, Z, anorg. Chem., 1921, 120, 85; A., ii, 272. 
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alcoliol or water without decomposition.^® The action of nitric oxide 
on cobalt tetracarbonyl causes evolution of carbon monoxide and 
yields a cherry-red liquid which has been definitely characterised 
as Co(CO) 3 ,NO, = 1*5126 ; m. p. — 1*05° ; b. p. 78*6^ at 700 mm. 
Mol. wt. (from V.D.) = 171*7 (calc. Jf = 173) ; it decomjioseH 
slowly above 66°. Similar actions take place with nitric oxide and 
nickel pentacarbonyl or diferro nonaearbonyi, but the yields were* 
too small to enable the composition of the products to be established.^*'^ 

Pure sugar charcoal, heated with sulphur at 400 — 1000° at low 
pressures, yields a coke-like solid containing 2*0 — 3*5 jier cent, of 
sulphur which is not extracted by toluene and is only partly oxidised 
by bromine water or removed by heating at 750° in hydrogen : this 
affords further evidence of the existence of stable solid sulphides 
of carbon. 

Investigations of the solubility in hydrofluoric acid of the varieties 
of silicon obtained by crystallisation from solution in molten 
aluminium, silver, and copper lead to the conclusion that they differ 
mainly in degree of subdivision and are not really allotropic f oi'ms ; 
a view confirmed by X-ray evidence that the structures of amorphous, 
graphitic, and crystalline silicon are identical. 

Sodiuni metasilicate is found to yield three hydrates only : 
]Sra 28 i 03 , 9 H 20 , rhombic, m. p. 47°; ]Sra 2 Si 03 , 6 H 20 , monoclinic, 
m. p. 63*5°; and ]Sra 2 Si 03 , 4 H 20 , hexagonal, m. p. 83 — 85°, other 
hydrates mentioned in the literature being probably mixtur(NM of 
these.®® 

Much interesting work has been done on geimianium, our previous 
knowledge of which was due very largely to Winkler, whose mv(\s1i- 
gations were limited by lack of material. Germanium has 
extracted from zinc residues containing about 0*2 per cent, of Ge 
by processes, described in detail in the original,®^ dependent on thc^ 
volatility of the chloride with steam; in this way relatively Jargi* 
amounts of this very rare element have been obtained and are biing 
utilised in a reinvestigation of its compounds. 

Germanium dioxide is largely, but not wholly, reduced to nuial 
by hydrogen at 550 — 900°; the metal reacts with jmre Iwomine, 

28 B. L. Mond and A. R. Wallis, T., 1922, 121, 29. 

Idem,, ibid., 32. 

80 J. P. Wibant, Proc, K. Akad, Wetenach, Amsterdam, 1921, 24, 92$ Hee, 
trav, chim,, 1922, 41, 153; A,, ii, 52, 373. 

81 W. Manchot, Ben, 1921, 54, [B], 3107; W. Manehot and H. Punk, 
Z. anorg. Chem., 1922, 120, 277; 122, 22; A., ii, 144, 286, 704. 

32 Gerlach, Phyaikal, Z,, 1922, 23, 114; A,, ii, 265. 

88 A. Brdenbrecher, Mikrokoamoa, 1921, 15, 55; A., ii, 444. 

8* L. M. Dennis and I. Papish, J. Amer, Ohem. Boc., 1921, 43, 2131 ; A,, 
ii, 150. 
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superficially at the ordinary temperature, completely at 220^, to 
form the tetrabromide, which is best purified by fractional distillation 
and then forms a white solid crystallising in regular octahedra, 
m. p. 26'1®, b. p. (corr,) 185*9^. The liquid can be supercooled to 
— 18"^ and has Tiff'’ == 1*6269, 3-1315, and specific con- 

ductivity <0*000078 mhos. The tetrachloride, similarly prepared, 
and freed from chlorine by prolonged passage of a current of air, is 
a colourless liquid, b. p. 86*5° (corr.), m. p. — 49*5^ 1*3606, 

rZlf 1*874. Both compounds fume in air and are slowly decomposed 
by water with a characteristic crackling sound, but are unchanged 
by strong sulphuric acid.®^ 

As an outcome of general investigations on the preparation of 
gaseous metallic hydrides by the spark discharge and from alloys 
and solutions germanium hydride has been shown to have the 
composition GeH^ and to be free from any considerable amount of 
other hydrides. By a modified form of the Marsh test, the formation 
and decomposition of the hydride may be used as an extremely 
delicate test for germanium ; and it may be estimated gravimetri- 
cally by precipitation as magnesium orthogermanate, MgGe 04 .^® 

Stannous hydroxide, prepared by precipitating aqueous stannous 
chloride with sodium hydroxide or ammonia, is stable in air, wet 
or dry, up to 110"^, dissolves in acetic acid to form stannous acetate, 
Sn(C 2 H 302 ) 2 , has probably the formula 3Sn02,2H20, and by keeping 
under water is converted into dark grey, crystalline stannous oxide, 
which is dispersed to a yellow, colloidal solution by excess of water.®® 

The change of a-stannic acid to p-stannic acid is explained as due 
to the combination of stannic hydroxide (functioning as a base) 
with itself (functioning as an acid), and the theory receives support 
from measurements of the relative strength of the hydroxide as 
acid and as base considered in conjunction with the solubility of the 
a- and p-forms in hydrochloric acid and caustic alkali, as to which 
new facts are adduced.^® 

. Thfi existence of lead monoxide in two forms, recently denied, 
has been conclusively proven. By slow cooling, solutions of lead 
oxide in aqueous caustic potash yield, according to the concentration 
of alkali, relatively large crystals of either the stable red tetragonal 

Ij. M. Dennis and D. D. Hance, J. Amer. Ohem. Soc., 1922, 44, 299; 
A . ii 302. 

F. Peuneth et al., Ber., 1922, 65, [B], 769, 77S; A., ii, 383. 

P. Panoth and E. Sohmidt-Hebbel, ibid., 2615; A., ii, 770. 

»« J. H. Muller and N. H. Smith, J. Amer. Ohem. Soc., 1922, 44, 1909; 
A., ii, 776; J. H. MdHer, ibid., 2493; A., 1923, ii, 43. 

»» F. W. Bury and J. B.. Partington, T., 1922, 121, 1998. 

« G. E. CoUins.and Wood, ibid., 441, 1122, 2760. 

“ S. Glasstone, ibid., 1921, 119, 1914. 
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form or the metastable yellow rhombic bipyramidal form ; and 
these forms differ in density, in solubility, and in E,M,F. against 
lead in normal caustic soda.^^ There is some evidence that those 
forms are enantiotropic ; but this point is in doubt, and further 
investigation is required to establish their relationship. Furthei* 
physical investigation of the oxides of lead confirms the view of 
red lead as plumbous orthoplumbate and indicates the probabJe 
existence of a higher oxide in electrolytically deposited lead dioxide.^® 
Examination of the ^-ray spectra of rare-earth oxides has 
identified XJrbain’s celtium as the element of atomic number 72 , 
intermediate between lutecium, 176 , and tantalum, 181 - 5 , and a 
member of this group.*^^ 


Group F. 

Formation of ammonia in good yield from hydrogen and excess 
of nitrogen in electron tubes occurs with applied electromotive 
forces equal to or greater than the ionisation potential of nitrogen ; 
which is held to show that ionisation of nitrogen is the first step in 
this synthesis. 

Decomposition of ammonium nitrate proceeds normally at 
210 — ^ 260 ®, yielding 98 per cent, nitrous oxide, but tho presence of 
even 0-1 per cent, of ammonium or sodium chloride, or the over- 
heating of the pure nitrate, gives impure gas containing 30 — 50 per 
cent, of nitrogen ; with the pure salt, the subsidiary reactions are 
probably NH4NO3 ^ NH3 + HNO3 and -f- 3HNO3 — 

9H2O + Ng, and the explosive decomposition at 300 ® may ))e 

represented as 8NH4NO3 IfiHgO + 2NO2 + 4 NO + 6N2.^® 

Ammonium chlorate is perfectly stable in cold saturated aqueous 
solutions, but if solid salt is present progressive decomposition occurs 
which finally becomes explosive; the solid decomposes, rapidly if 
enclosed, slowly if exposed, the residue being ammonium nitrate 
free from chloride. These phenomena are due to autoxidation, 
catalysed by the products of decomposition.^*^ 

A simple method has been described for the preparation of 
crystalline hydroxylamine by interaction of equivalent quantities 
of the hydrochloride and sodium ethoxido in absolute alcohol ; 

« M. P. Applebey and B. B. Beid, iT., 1922, 121, 2120; sao also F. M, 
Jaeger and H. O. Germs, Z, anorg. Chem,, 1921, 119, 146; A., ii, 66. 

^3 S- Glasstone, T’., 1922, 121, 68, 1466, 1409, 2091. 

A. Dauvillier, Compt, rend., 1922, 174, 1347; A., ii, 463; G. Urfoain, 
ibid., 1349; A., ii, 605. 

B. B. Andersen, Z. Phymk, 1922, 10, 64; E. Hiodmann, Chem. Ztg., 
1921, 45, 1073; A,, ii, 662; A., 1921, ii, 694. 

BC. B. Saimders, T., 1922, 121, 698. 

F. Fairbrother, J. Amer. Chem. Soc., 1922, 44, 2419; A., 1923, ii, 27. 
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the product differs from the purest hydroxylamine hitherto obtained 
only in being rather less stable. 

The mechanism of absorption of oxides of nitrogen by alkali is 
still in doubt ; further evidence supports the view that oxidation 
of nitric oxide to nitrogen tetroxide proceeds without intermediate 
formation of nitrous anhydride; yet the absorption of a gaseous 
system ]Sr 0 -N 02 by alkali hydroxide proceeds in a manner which can 
best be explained by assuming the presence of nitrous anhydride 
in small concentrations.^^ The fact that nitrogen pentoxide has 
unusual stability in presence of traces of ozone is best explained 
by the assumption that its decomposition is catalysed by the pro- 
ducts (which are reconverted immediately to pentoxide by ozone), 
as has been shown to be the case in the photochemical decomposition 
of nitrogen pentoxide and in the thermal decomposition of its 
solutions in carbon tetrachloride and chloroform. 

Evidence of the existence of an active form of hypophosphorous 
acid is again obtained from a study of its rate of reaction with 
cupric chloride; but any purely physical explanation is rejected 
in favour of the idea that there may exist an equilibrium between 
the ordinary acid and its tervalent form, HP(OH) 2 , which would be 
expected to be very reactive.®^ 

Two interesting methods are described for the purification of 
phosphoric oxide, hitherto a very tedious and wasteful operation, 
very necessary in precise work, but often omitted. In one the oxide is 
dropped into a rapid current of oxygen in an iron tube at 600 — 700*^, 
the sublimate being condensed in a long wide glass continuation 
tube ; 50 grams of pure oxide can thus bo prepared from 100 grams 
of crude material in an hour.®^ The second method is ingenious 
and very simple ; commercial phosphoric oxide is heated at 175 — 
220® in ozonised air until fully oxidised : the product still contains, 
of course, any non-volatile impurity originally present, but it is 
free from lower oxides and is no more liable than the resublimed 
oxide to yield ga.s in high vacua. Evidence was obtained that the 
phosphorous oxide present in commercial phosphoric oxide reacts 

H. liCoher and J. Hofmann, 1922, 56, [B], 912; A., ii, 442. 

E. Briner, S, Niewiazski, and J. Wiswald, Helv, Chim. Acta^ 1922, 6, 
432; A., ii, 663; F. Foerstor, Ben, 1922, 56, [B], 490; A,, ii, 284; A. San- 
fourch©, Oompt. rend,» 1922, 176, 469; A,, ii, 762. 

fio F. Daniels, O. B. Wulf, and S. Karrer, J. Amer, Chem, Soc., 1922, 44, 
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Daniels and Johnston, ihid.^ 1923, 43, 63; B. H. Lueck, ibid,, 1922, 44, 
767; A., ii, 433. 

Ann. Meports^ 1921, 18, 41. 
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with water to form phosphine which, under the influence of electrical 
discharges (for example, produced by friction between mercury and 
glass), reacts with mercury to form the phosphide (Hg 3 P 2 ?) S/Ud 
hydrogen.®^ 

Phosphine, with but little hydrogen, is best prepared by the action 
of 10 per cent, sulphuric acid on aluminium phosphide.®® 

A review of the past evidence and consideration of new experi- 
ments on the heat evolved by arsenic in cooling from various high 
temperatures confirm the transition i)C)hit to yellow arsenic at 
about 750°, but indicates that whilst browm or amor])hous ” 
arsenic may be, as has been supposed, a distinct monotropic modi- 
fication, “grey” arsenic is probably not an allotropic form, but 
merely an intermediate stage in the conversion of colloidal arsenic 
to the crystalline state. This is clearly a case in which X-ray 
analysis might give important information. 

Arsenic combines with aluminium at 750° to give a brown, 
amorphous compound, AI 3 AS 2 , infusible and undissociated at 
temperatures up to 1600°, but apparently dissociating at the 
ordinary temperature, as old specimens slowly deposit yellow 
arsenic and leave a residue of black arsenic on solution in hydro- 
chloric acid, whereas the freshly prepared substance is completely 
soluble in acid.®® 

Bismuth subiodidc, Bilg, has been obtained in red, orthorhombic 
needles, which dissolve in aqueous potassium iodide to an orange 
solution, act as a strong reducing agent, and decompose to the 
tri-iodide and bismuth at 400°.®® 

It has been stated that tantalum pentachloridc is a good conductor 
whilst columbium pentachloridc is an insulator, but measurement h 
with the anhydrous chlorides show that the conductivities arc about 
the same and extremely small, about 0-25 X 10~® mhos.®® 

Grou'p F/. 

Liquid ozone and oxygen are only partly miscible, and a^ro jxjadily 
separated by fractional distillation. Pure ozone so obtaim^d has 
been employed for a redetermination of physical constants (m. f). 
™249*7°; b. p. 112-4°; -5°; 64-8 atm.; 1-71),®^ 

and for an ingenious and skilful determination of vapour dc^nsity 

55 jr, J. Manley, T., 1922, 121, 331. 

*6 Lr. Moser and A. Brukl, Z. anorg. Vhem., 1921, 121, 73; .1., ii, 393. 
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D. H. Biesenfeld and G, M. Schwab, Ber., 1922, 55, [BJ, 2088; .-L, 
ii, 637; Z. Phyaik, 1922, 11, 12; A., ii, 761* 



moBaAKio cmmisTnY. 


55 


by direct weighing of a bulb jSUed with ozone, the pressure at the 
time of filling being extrapolated from the observed growth of 
pressure in the bulb after weighing. The molecular weight found 
confirms the formula and neither investigation affords any 

evidence whatever of the existence of higher polymerides of oxygen. 
Ozone oxidises nitrogen tetroxide instantly to the pentoxide, the 
completion of the quantitative reaction + O3 — >■ NgOg + O2 

being sharply indicated by disappearance of colour, so that a true 
titration can thus be performed in the gaseous phase. 

Sulphur dioxide partly oxidises cuprous chloride in concentrated 
hydrochloric acid according to the equation (i) 2CU2CI2 + SO^ + 
4 HC 1 ^ 4 CuO ]2 + 2H2O + S ; but the reverse change is obscured 
by a secondary action, (ii) GCuClg + S + 4H2O — SOugCIg + 6 HC 1 + 
H2SO4. With increasing acid concentration, first cuprous sulphide, 
then mixtures of the sulphide and sulphur, and finally sulphur only 
are precipitated. A reaction analogous to (i) occurs with mercurous 
chloride in hydrochloric acid concentrations from 8A to whilst 
further reduction occurs {a) to mercurous chloride and mercury at 
2 N — O-lfiiV, and {b) to mercury only at acid concentrations less 
than 0-02iV.6^ 

Sodium sulphite or bisulphite, droi3ped into warm dilute aqueous 
sulphuric acid, yields hydrogen sulphide, probably by the reaction 
4H2SO3 — HgS + 3H2SO4, which may well be an intermediate stage 
in the known reaction SHgSOg — ^ 2H2SO4 -j- H2O + S ; and 
there is evidence that hydrated sodium sulphite, excluded from air, 
undergoes autoxidation to sulphate.®® 

Freshly prepared solutions of bisulphites show an absorption 
band characteristic of metabisulphites and therefore probably 
contain a small proportion of the latter in equilibrium ; they are 
stable in light if oxygen is excluded, but in its presence are oxidised 
with formation of sulphate and develop an absorption band 
characteristic of hydrated sulphur dioxide.®^ 

Measurements of viscosity, conductivity, and contraction on 
mixing show that a complex, £[2804,1120,(02115)20, is present in 
systems of sulphuric acid, water, and ether.®® 

Aluminium selenide, Al2Se3, easily prepared from its elements 

8. JECarrer and O. R. Wulf, J. Amer. Chem. Soc., 1922, 44, 2391. 

‘'8 O. B. Wulf, F. Daniels, and S. Karrer, ibid,, 2398; A., 1923, ii, 23. 
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as a light brown powder, unstable in air, affords, by reaction with 
acids, a convenient source of hydrogen selenide, which can bo 
purified by liquefaction at — 80° and i*e-evaporation. The dry 
gas is stable in ordinary daylight and unaffected by dry oxygen.®^ 
Hydrogen telluride has been prepared in a similar way and resembles 
the selenide except in its lesser stabilit 3 r to light and oxidation.’^® 
Further work is recorded on the properties of selenium oxychloride,’^^ 
and the oxybromide has been obtained, by the action of bromine 
on a mixture of selenium and selenium dioxide at 0 °, as a reddish- 
yellow solid, m. p. 41-5°, b. p. 217°/740 mm. with much decomposition, 
^50“ 3 . 38 , which generally resembles the ox^^chloride in its remarkable 
chemical activity. 

A convenient method is described for the preparation of selenium 
dioxide by combustion of selenium in oxygen containing nitrous 
fumes ; and it has been shown that it forms only one hydrate, 
Nitrosylselenic acid, NO'O-ScOg'OH, obtained by the 
action of liquid nitrogen trioxide on anhj^drous selenic acid, is a 
colourless, crystalline solid melting at 80° with decomi^osition and 
unstable even at the ordinary temperature.'^^ 

Tellurium, puidfied by distillation and crystallised by solidification 
or sublimation, has d 6-310, which is unchanged by long heating at 
various temperatures. It is probable, therefore, that tellurium 
does not exhibit the dynamic allotroxDy which has btien attributed 
to it.*^® Oxidation of tellurium tetrachloride with chlorine is a 
convenient method of obtaining j)ure telluric acid in al most theoretical 
yield.'^'^ 

A study of the solubility of chromium trioxidc in sulphuric acid 
shows that when the concentration of the latter is 85 — 95 per cent, 
the solid phase is brown, minutely crystalline Cr 03 ,S(,> 3 ; whilst 
in stronger acid the solid phase is pi'obably^ the chromisulphurk^ 
acid, CrOgjSOsjH^O, described by Gay-Lussac and recently j^ropared, 
together with the corresponding chromiselenic acid and certain salts 
of these acids 

Ij. Moser and Doctor, Z, anorg, Chem., 1921, 118 , 284 ; ^4., ii, 4(L 

D. Moser and K. Ertl, ibid., 269 ; ii, 48. 
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The dichlorides of molybdenum, tungsten, and tantalum have 
been prepared, in some cases by new methods, and have been shown 
uniformly to be represented by the formula B[M3Cl7,4H20 and not 
by the complex formulae hitherto given to them.®^ 

Metallic tungsten acts slowly on thoria at 2400 ° in a vacuum and 
in argon, nitrogen, or hydrogen to form thorium and tungsten 
trioxide, the latter appearing in part to react with tungsten to form 
a grey, metallic, crystalline substance, very stable to acids and 
alkalis, which may be a bronze of the type Th(W03)n, where 
n = 3 — 10 Si 

The green colour sometimes observed in tungsten trioxide is 
due to surface reduction to lower oxides,®^ and Jf-ray examination 
of the hydrated oxides shows the existence of HgWO^ and H4WO5 
as distinct compounds,®^ the former being confirmed also by the 
form of the vapour pressure—composition curve.®^ Evidence has 
been obtained that the sodium tungstate, 4 Na 2 O, 10 WO 3 , 23 H 2 O, is 
really an acid salt, 4(Na2W04),6(H2W04),17H20, and corresponding 
salts of other bases, differing, however, in water content, have been 
isolated.^^ 

An icositetrahydratc of uranyl nitrate, U02(N03)2,24H20, is 
found to exist at temperatures below — 20°.^® 

Group VIU. 

The photography of the spectrum of fluorine, excited by the 
discharge between gold electrodes, deserves mention because of the 
attendant experimental difficulties.®^ A simple method for the 
preparation of pure ammonium hydrogen fluoride consists in treating 
aqueous hydro/luosilicic acid with excess of ammonia, filtering, 
concentrating in platinum, and subliming the product.®® 

The existence of HClBr^, deduced by Borthelot from the heat of 
solution of bromine in hydrochloric acid, is confirmed and that of 
liCll2 and HBrlg evidenced by measurements of the distribution 
of free halogen between aqueous halogen acids and an immiscible 
solvent.®® 

The normal chlorites of sodium, lithium, calcium, strontium, 

K. 3Jn<bH‘r vi aJ., Uer., 1022, 55, IB], 1458; A., ii, 509. 

a J. Smitliells, 3 022, 121, 2230; compare E. Wedekind, 

Brden und -Erze, 1922, 3, 109* 

j, A. M. van Eiempt, Z. anorg. Chem,, 1921, 119, 310; A., ii, 73. 

H. C. Burger, iUd,, 1922, 121, 240; A., ii, 508. 

G. Hfittig and B. Kiirro, ihid„ 1922, 122, 44; A., ii, 773. 

K. F. Smith, J. Amer. Ohem, Soe., 1922, 44, 2027; A., ii, 774. 

F. 3i3. F. Gormann, ibid., 14G0; A,, ii, 649. 

W. K. Smythe, Astrophys. J,, 1921, 54, 133; A,, ii, 09. 

M. Ikawa, J". Chem, Soc, Japan, 1921, 42, 768. 
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and univalent thallium have been prepared and are found to be 
unstable substances, exploding when dry by percussion and decom- 
posed by heat, in the case of the sodium salt according to the 
equation SNaClO^ — > 2 NaC 103 + NaCl.*'® 

An examination of the mineral fluocerite by means of the X-ray 
spectrograph has given indications that it may contain the element 
of atomic number 01 , a member of this group. 

Group VII J. 

The amount of electrolytic iron foil dissolved by aqueous sulphuric 
acid (in thirty-four hours at 15°) has been found to vary with acid 
concentration in a remarkable manner, rising steadily with 0'5A"- 
to 2i\r-acid, then falling with 3iV-acid, and again increasing to 
progressively higher values with 4:N- and 5jV-acid. Another 
series of experiments shows that when a disk of pure iron is rotated 
for thirty minutes in acids of concentrations X/5, iV'/lO, N 150, and 
X/ 100 , the amount of iron dissolved depends only on the velocity 
of rotation, with which it increases linearly up to a peripheral speed 
of 35 m.p.h., in marked contrast to the corrosion of iron in aerated 
water, which ceases at a speed of 5 m.p.li.^^ 

Samples of ferric oxide prepared by twenty-seven different nudhods 
have been found to give identical X-ray spectra, w'^hich affords strenig 
evidence that, despite their outward differences, they arc really the 
same form of the compound.®^ A peculiar iron salt, FeSO^OhGH^O, 
has been obtained by treating a concentrated solution of ferrous 
sulphate with chlorine, and by other methods.®^ 

It is satisfactory to record the publication of a study of the geiu'ral 
equilibrium in the system ^ 6203 - 803 — HgO from 50- — 200° wliich 
resolves in a convincing fashion the doubt and complexity associated 
with the hydrates and sulphates of ferric oxide. The components 
in suitable proportions were heated together in si^aled tubes for 
times so prolonged as to ensure the attainment of equilibrium (its 
non-attainment being the probable cause of uncertain and conflicting 
results in many previous investigations of the system), and th(‘ 
liquid and wet solids were separated and analysed. I^etermination 
of the composition of the dry solid phase was effected by Schrein<*- 
makers’s residue ” method, controlled by microscopic observations, 
especially of refractive index and dispersion . The results, embodied 

G. B, Tovi, Gazzma, 1922, 52, i, 417; AUl IL Aecarh TAnevu 1922. fv). 
31, i, 212, 370; A., ii, 567. 

A. Hadding, Z, anorg. Ohem,, 1922, 122, 195; A,, ii, 7B(l 

J. A. Kewton Friend and J. H. 3>ennott, T», 1922, 121* 41. 

J. A. Hedvall, Z. anorg, Chem,^ 1922, 120, 327; 121* 217; A., ii, 300, 
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in a series of triangular diagrams and a solid model, indicate that the 
onlj?- solid phases existing within the range studied are : ; 

Fe^Og^HsO ; 3Fe203,4S03,9H20 ; Fe 203 , 2 S 03 ,H 20 ; Fe203,2S03,5H30 ; 
2Fe203,5S03,17H20 ; Fe 203 , 3 S 03 (two forms: rhombohedral 

and orthorhombic) ; FegOg^SSOgjGHgO ; Fe 203 , 3 S 03 , 7 H 20 ; 

Fe 203 , 4 S 03 , 3 H 20 ; Fe 203 , 4 S 03 , 9 H 20 . Other investigations confirm 
the existence, as phases stable in part of the system at 18° and 25°, 
of Fc 203 , 3 S 03 , 7 H 20 and Fe 203 , 4 S 03 , 9 H 20 .®® The colourless form 
of iron alum occasionally encountered is shown to be due to the 
presence of ferric hydroxide as an impurity.®'^ 

In the course of further studies on the properties of subsidiary 
valency groups, the trihydrate and tri- and hexa-ammines of 
cobaltous fluoride have been prepared.^® 

Aqueous solutions of ruthenium tetroxide conduct electricity, 
have a weak acid reaction, and form salts with alkalis ; but of these 
only the ammonium salt, could be obtained in a pure 

state.®® 

E. Posnjak and H. E. Merwin, J. JL7ner. Chem. Soc., 1922, 44, 1965; 
ii *772 

M. P. Appleby and S. H. Wilkes, T., 1922, 121, 337. 

J. Bonnell and E. P. Forman, 2^, 1921, 119, 1994. 

G. b. Clark and H. 11. Buckner, J, Amer. Chem. Soc„ 1922, 44, 230; 
A., ii, 300. 

F. Krauss, Z, anorg, Chem,, 3 921, 119, 217: 4., ii, 75. 
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ORGANIC CHEMISTRY. 

Pabt I. — Aliphatic Divisioisr, 

The general arrangement of tlie ali|)hatic compounds 'which was 
adopted in previous Reports has been followed in the present case, 
and, whilst the headings of the different sections indicate broadly 
the character of the comi^ounds considered in the various groiix>s, 
an arbitrary choice has sometimes to be made. Theoretical dis- 
cussions based on an extended survey of reactions obviously present 
this difficulty to the Reporter, and it is imperative that generalis- 
ations such as those which have appeared on flu’s induced polarity 
of atoms, and the interpretation of the theory of x^arlial valencies 
on an electronic basis, by LajDWorth and by Kermack and R. 
Robinson,^ should not be relegated to any single sub-scction of 
compounds. These authors have now reviewed their generalis- 
ations in the light of the Thomson and Lewis-Langrnuir theory of 
the atom and of valency, and this may be regarded as a physical 
basis for their hyxDotheses. Whilst it is imx>ossibIc in a sectional 
report to do justice to these theoretical considerations inasmuch 
as they cover the whole field of reactions in organic* cdunnisiry, 
nevertheless occasional references will be found in tfu* HU(*e<*eding 
pages. 

HydrocarhorirS. 

A notable feature of the recent researches on hydrocarbons 
is the tendency to focus on the study of the additive reactions of 
the simpler unsaturated members of the group. Attention has 
been directed to the conditions governing the hydrogenation (if 
ethylene and acetylene in the presence of nickel or of nickt*! - 
mercury catalysts. With the latter, acetylene may be reduced 
at 25 — 35^^ to both a light oil consisting of cthylcnic hydrocarboim 
and a heavier oil. In the preparation of either ethane or ethylene 
from acetylene, it is advantageous to dilute the acetylene with the 
expected products. Combination of anhydrous sulphuric acid with 
acetylene occurs under pressure at 0® in preBcnce of mercuric 

1 T., 1922, m, 416, 427. 

* R K. Rideal, T., 1922, 121, 309; K. Oda, J. Chefn. Tnd. Japan, 1921, 
24 , 1161; A„ 1921, i, 841. 
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sulphate ^ with the almost quantitative formation of vinylsulphuric 
acid, CH2X'H*S03*0H. Acetonitrile is produced at higher tem- 
peratures by combination of acetylene with ammonia, but, in 
presence of excess of the former, pyrrole and picoline are among 
the products. Similar evidence of polymerisation of a hydrocarbon 
during its combination with other I’eagents is furnished in the 
case of ethylene, which, under the influence of the silent discharge, 
unites with nitrogen to give a complex nitrile, CisHgi-CN. 

The catalytic method for the dehydration of alcohols has been 
applied in a ])reparation of pure propylene, the physical constants 
of which have now been determined with accuracy.^ It is of 
interest that this gaseous hydrocarbon is formed by isomeric 
change from cyclopropane at 600 — 70 C ; the reversible reaction, 
cyclopropane propylene, is thus an example of the three-carbon 
tautomerism which has been studied by Thorpe and his school. 
Consideration of the Icinetics of open- chain compounds and thermo- 
chemical data accord with the view that the Baeyer strain theory 
as applied to double i hikings is open to criticism, since it is known 
that an othylenic bond is more easily formed than a five-membered 
ring.^ Quite different in character is the reaction which leads, 
under similar conditions to the above, from ethylene to butadiene,® 
in which case a synthetic operation is involved with loss of hydrogen. 
The hydrocarbon synthesised from pinacolin by the application 
of the Grignard reagent followed by dehydration has the formula 
CMe3*CMe;CH25 which undergoes reduction by Paals method to 
a new heptane, trimethyh‘^oj)ropylmethano.'^ When pinacolin is 
chlorinated by phosphorus pentachloride, the normal dichloride 
is produced along with the unsaturated deiivative, CMe3*CChCH2. 
Elimination of hydrogen chloride leads to a dimethylbutinene 
which on reduction gives rise to pp-dimethylbutane. Physical 
constants of these hydrocarbons have been determined. 

Separation of two geometric isomerides by fractional distillation 
is a simple procedure in the case of maleic and fumaric acids, but 
it would appear difficult of achievement with hydrocarbons. 
Success has, however, been attained in the separation of the two 

a Brit. Pat. 156121 and 147067; A., i, 517; A„ 1921, i, 852; Miyamoto, 
tJ. Chem. Soc, Japan^ 1922, 48, 21; i, 418. 

^ M. Trantz and K. Winkler, J. pr. Chem., 1922, [ii], 104, 44, 53; A., 
i, 909, 920. 

a J, P. Wibatxt, Eec, trav. chim.^ 1922, 41, 441; i, 909; Wojniczi 
Sianozencki, Moe&tiiki Chemj% 1921, 1, 244; A*t i, 330. 

a .Zanetti, Buydam, aad.Otoer, J. Atmr^ 1922, 44, 2036; A,, 

i, 977. 

Chavoma© and JBulL Boc. Ohim* 1922» '81, 98 j 417; 

Kissegheim^ 4hid,p 62; JL., i, 313. 
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y-methyl-Ar-pentenes obtained from methyldietbylcarbinol by 
dehydration with p-toluenesulphonic acid : ^ 

Me-C-CH^Me Me-C-CHgMe 

Me-C-H 

Their boiling points differ by less than 5 ®, and the refractive ijidice>s 
are distinctive. Both yield methyl ethyl ketone on oxidation, 
and combine additively with bromine, but hydrochloric acid effects 
isomerisation of one of the stereoisomorides. 

Grignard reactions have been apj)lied in improvomenhs of 
recognised methods of prepaidng alkyl derivatives of cadniiuni 
and mercury, whilst recent investigations with metallic carbides ^ 
provide not only a simplified procedure for obtaining methane, 
but show that with superheated steam liquid products containing 
60 -per cent, of benzene may be collected, and by conducting the 
process under appropriate pressures terpenes and higher polynierised 
hydrocarbons are formed. On the analogy of the Wiirtz reaction, 
the anticipated result of bringing together methylene iodide and 
aluminium in anhydi'ous ether is the formation of ethylene. This 
conclusion is in need of verification in view of the contradictory 
observations of two independent workers ; but it seems clear 
that in any case the formation of ethylene or some analogue is 
only a secondary reaction. The chief product either from methyleiuj 
bromide or iodide appears to be an interesting unsaturated type 
of organometallic halide, namely, CH2*A1X, which is decompostKl 
by water or alcohol to give methane. It combines additively with 
iodine, yielding a saturated compound, wliich also reacts with 
water to give methyl iodide. 

Investigation of all the simpler unsaturated hydrocarbons with 
a view to their easy recognition is a necessary j>reliminary to the 
systematic survey of the dej)olymeriscd prodticts of <.*aoutehoui^, 
and this inquiry may well run j)arallel with a neriouH study of the 
important phenomenon of polymerisation which, not alone in the 
hydrocarbon series, but also in the carbohydi’atc group, is a vital 
factor govex'ning the constitution of the more complex natural 
products. 

Polymerisation of vinyl chforide in ether or alcohol is promoted 
by extreme ultra-violet light at the ordinary temperature, aiqid 
metallic salts, especially those of uranium, catalyse the reaeti<m 
in stmlight. The product is a white powder which separates from 

« Bissegheim, Soo Chirn 1022, 213; A., i, 909. 

» O. Ohmann, Z. phyaiJcdl. €hem. Unierr. 1921, 84, 76; J.., i, 2; Plauson 
and V. Tischenko, Chem, Zmtr., 1922, ii, 442; i, 818. 

Faillebin, CompL rend., 1922, 174, 112; A„ i, 119; V. Thomw, ibid.^ 
464; i, 830. 
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solvents as an elastic film.^^ Hydrogenation of caoutchouc in 
presence of platinum leads to a product (CsHiq)^; which remains 
a colloid and apparently is not depolymerised. Distillation of 
this product in a high vacuum yields degraded products which are 
simple unsaturated hydrocarbons* The results favour the theory 
that the caoutchouc molecule is composed of isoprene polymerised 
in chains of such length as to minimise their unsaturated character. 
The views of Harries are contested on several grounds. 

Thiele’s theory of the mode of attachment of addenda to a con- 
jugated unsaturated system such as that of isoprene is supported 
by Staudinger and his co-workers, who have shown that both -with 
hydrogen bromide and bromine combination occurs in the a- and 
S -positions. Whether this is so under all conditions remains in 
doubt, since contradictory evidence is furnished by A. G. Berg- 
mann.^^ 

In the communication by Kermack and Robinson referred to in 
the introduction the theory of partial valencies and the attachment 
of addenda is interpreted on the basis of the Lewis -Langmuir 
hypothesis and it is shown that the usual expressions, 

CHg— CH— CH=CH2 — > CHg— CH— C.—OHa 

become (if it is assumed on the physical basis that the symbols 
—5 — > ““‘■"j imply electrons to the number of four, three, two, 

and one, respectively, held in common by two atoms) the following : 


OHglCHlCHICHa CHaiOHxCHiCHg 

The latter represents an extx^eme and unstable condition of the 
former non-polarised molecule, and another more stable form 
would be the cyclic one, such as : 


CH : CH CH~CH 

••• ^ or I : : 

CH^- Clia CH^ -CHa 

llin system may be an oscillating one in which the terminal carbon 
atoms become in turn feebly electropositive and electronegative, 
the reagents taking advantage of these momentary manifestations 
of polarity; the process of addition is i^epresented by an inter- 
change of electrons of which the following is one example : 
CHsiOHICHiCHg — CHgiCHrCHiCHg — ^ 

CHg : CH : CH : CHg CHg : CH : CH I CHg 

:ci • Cl} :ci: :ci: 


X*lotuikow, Z. wiss, Photochem.f 1922, 21, 117; A., i, 419; H. Sfcaudiix- 
ger and J. Fritschi, Helv, Chim. Acta, 1922, 6, 785; A*, i, 1048. 

Melv. ClUm. Acta, 1922, 5, 743; A., i, 978; J. JEtuss. Phys. Ohcm» Boc,, 
1920, 52, 24; A., i, 1106* 
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It is recognised, however, that other phases of interchange must be 
provided for to admit of alternative modes of addition under 
conditions such as those which lead either to trimethyiene dibromide 
or propylene dibromide by the union of hydrogen bromide and 
allyl bromide, and these manifestations of '' secondary conjug- 
ation ’’ are dealt with. With a substituted system such as that 
which occurs in muconic acid, the attachment of hydrogen follows 
the Thiele rule, but bromine, on the contrary, comljines in the 
a- and p-j>ositions, and it is suggested that the rule has been 
too hastily accepted as a generalisation on evidence which is 
restricted. It is contended that the Thiele rule should be confined 
to those cases of conjugation in which X and X' in the formula 
XCH~CBl — CH=CHX' are both fully saturated r(\siduos. 

Experiments with petroleum reveal the discoucf^rting fact i-hat 
pol 5 nnerisation may accompany the formation of ozonid(‘s, and 
such considerations may have to be taken into account in c^valualing 
the results of constitutional work undertaken with the use of 
A study of the constituents of paraffin wax has given promising 
data pointing to the possibility of effecting separation of the 
individual hydrocarbons, but as the research is incomjdcde a dis- 
cussion of the results may for the present bo held ov^er. 11)0 
same may be said also of several investigations in whic*h tlu'. high(‘r 
paraffins have been submitted to catalytic oxidation with air or 
oxygen. The problem is complicated by the tendency of tlie. normal 
fatty acids to undergo further oxidation to dibasic ami hydroxy- 
acids, so that the isolation of palmitic. and stearic acids may be 
prevented unless means can be devised to fix these primary 2 )roducts 
in such a way as to resist this tendency. 

Alcohols and Derivatives, 

Synthetic methods for the manufacture of nicdhyl alcohol and 
formaldehyde excite the interest of all chemistH, inasmuch as the 
demand on these raw materials extends to both purc^ and applied 
chemistry. As the two substances arc so intimately related in 
origin, it is inadvisable to separate the reviews of several procesB^^B 
which claim to have achieved success in the synthesiB of both or 
either of the products. Selection of the initial materials for the 
purpose must obviously depend on economic factors, and the 
utilisation of carbon monoxide and hydrogen is reported in two 
of the methods, whilst, in a third, carbon dioxide and methane 
are employed. The Badische process is based on the conversion 

X P. 0. Ohandrasena and C. K. Ingold, P., 1922, 121, 1300. 

B. ^pCoetsohau, Z* angew Ohem.^ 1922, 509; 'A., i, 977, 
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of lithium carbonate into formate by the agency of carbon monoxide 
and water under pressure and at a temperature above 120°. The 
lithium formate is afterwards decomposed at about 400° in a 
current of moist hydrogen with the production of methyl alcohol 
and ketones, and the by-product in the first reaction is carbon 
dioxide. In another process,^® purified '' suction gas or water- 
gas is passed rapidly over catalysts containing nickel, copper, and 
aluminium at 300 — 400° under 10 atmospheres, when it is trans- 
formed into formaldehyde and methane. Conversely, the oxid- 
ation of the latter hydrocarbon forms the basis of a third process 
yielding both methyl alcohol and formaldehyde. By oxidation 
of methane at 500 — 700° with carbon dioxide in constricted tubes 
made of nickel, copper, or silver, the following reactions occur : 

2CO2 = 2CO + 20 ; CH4 + 20 = H-CHO + H^O. 

The yield of methyl alcohol is favoured by a slow passage of the 
mixed gases through the tubes and by introducing hydrogen into 
the mixture. With rapid flow of gases, however, the yield of 
formaldehyde amounts to 56 per cent, of the methane employed. 
E. W. Blair and T. S. Wheeler have reinvestigated the production 
of formaldehyde by the circulation of mixtures of ethylene and 
oxygen over catalysts. By varying the conditions and the pro- 
portions of the mixture they were able to increase the yield of 
formaldehyde to 75 j)er cent. 

Alcoholic fermentation of formaldehyde solutions is effected by 
osmium, and methyl alcohol and carbon dioxide are produced in 
the ratio of two to one, a reaction which seems to be capable of 
the following formulation : 

2CH0O + H2O — ^ CHa-OH + H-COgH. 

CHgO + H-COgH CHa-OH + COg- 

The activity of the osmium diminishes, however, rather rapidly. 

Simple alcohols such as those of «\9obutyl and ^^oamyl may be 
prepared from the appropriate Grignard reagents by the agency 
of hydrogen peroxide, and good yields are obtained. The character 
of the initial additive compounds suggests the representation of 
hydrogen peroxide by the formula OIOH-H at the moment of its 
participation in the reaction : 

MgRX + H 2 O 2 — > H-OHR-OMgX ^ R-OH + MgX*OH + H^O, 

J. Lush, Brit. Fat. 180016; A., i, 626.’ 

O* Tratm, Brit. Pat. 166148; A., i, 522. 

jr. Soc. Chem. Ind,, m22i 41, SO^t; A., i, 917. 
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Whilst Grignard reactions involving the use of ketones and esters 
usually give rise to tertiary alcohols, yet the aa-disubstituted 
ketones and esters lead to the formation of secondary alcohols, 
provided that the alkyl group in the Grignard reagent has a normal 
chain and contains not more than four carbon atoms. Since 
excellent yields are claimed for the synthesis of secondary alcohols 
by this procedure, the method is doubtless a valuable one. 

Acetylenic glycols of the general type OH*CRR'*C:C-CRR'*OH 
may be prepared by leading acetylene, under pressure, into the 
sodium derivatives of ketones, the latter sodium derivatives being 
easily formed by the aid of sodamide.^^ The conditions governing 
the formation of another unsaturated alcohol, namely, vinyl alcohol, 
have been studied by Evans and Looker, whilst a new synthesis 
of glycerol from glycoUaldehyde is effected by condensation 
with nitromethane, followed by reduction and treatment of the 
resulting aminoglycol with nitrous acid. In a similar way, glucose 
has been converted into crystalline a-glucoheptol. 

Of the available routes to the formation of the pure reprc'sentatives 
of the chloro- and bromo-hydrins of glycerol, that which has bet^n 
explored by J. Read and E, Hurst is to be recommended. Allyl 
alcohol provides a suitable starting point, and it is shown that the 
hypohaloginous acids combine smoothly, yielding the mono- 
halogenhydrins and also, as by-products, the dihalogenhydrins. 

A novel and welcome variation of the usual reagents for the 
preparation of ohlorohydrins from ethylenic hydrocarbons is 
provided by the recognition that monochlorocarbamide, obtained 
by chlorinating urea in aqueous solution, readily combines with 
olefines in presence of dilute acetic acid to give the corresponding 
ohlorohydrins.^^ Several new ohlorohydrins and their related 
ethylene oxide compounds have been obtained by this means, 
and, judging from the applications which have so far been studied, 
the reaction seems to be general. Ethylene oxide itself is of value 
in preparing by a direct method the chloroethyl esters of all types 
of acids.26 This gaseous oxide combines additively with acid 
chlorides at their boiling point with immediate formation of esters 
in which the halogen is present in the alcohol residue. Another 
use to which ohlorohydrins may be put is illustrated by the almost 
quantitative synthesis of ethylene cyanohydrin by means of sodium 
cyanide in cold aqueous solution. 

J. Leroide, Ann. GUm., 1921, [ix], 16, 354; A., i, 215. 
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The well-known phenomenon of the occurrence of hydrogem 
peroxide during the atmospheric oxidation of ether is now ascer- 
tained to be due to the formation of an ether peroxide which is^ 
volatile and decomposes under the influence of light, but in presence) 
of acidified water hydrogen peroxide is produced quantitatively. 

Aldehydes and Ketones. 

In the foregoing section devoted to the alcohols and their deriv- 
atives, reference is made to developments in the synthetic produc- 
tion of formaldehyde and methyl alcohol. Numerous researches 
have been undertaken on problems involving the study of deriv- 
atives of formaldehyde, and some of these have an industrial 
application. An example is the preparation of a powerful reducing 
agent by suspending zinc dust in formalin ’’ solution and passing 
sulphur dioxide into the mixture through a Chamberland filter.^® 
The zinc-formaldehyde . hyposulphite which crystallises from 
solution is claimed to be more economical in use for the reduction 
of dyestuffs than the usual reagents."' Distillation of formaldehyde 
in presence of sulphur dioxide gives rise to sulphiformin, 
OH."CH 2 ‘O^SO*OH, which has antiseptic and reducing properties 
and is easily decomposed into formic acid.^^ A similar transform- 
ation of formaldehyde into formic acid by the use of catalysts is 
described which resembles the Cannizzaro reaction. 

Among the novel reactions of formaldehyde may now be included^ 
its combination with hydrogen phosphide in presence of hydro- 
chloric acid, giving a compound of the type PCl(OH 2 *OH )4 which 
is crystalline. Other combinations of phosphorus compounds with 
aldehydes and ketones are .already known, and it is noteworthy 
that these are readily formed by the agency of phosphorus 
trihalide. 

Reactions which lead to the synthesis of acetaldehyde or acetic 
acid from acetylene continue to be actively investigated, and minor 
advances in technique have been recorded during the year. Vari- 
ations of catalysts or the media in which they function represent 
the general lines of inquiry, and a difficulty has been overcome 
by utilising steam for the effective removal of the acetaldehyde 
before it has had opportunity to form condensation complexes 
m situ. In favourable circumstances, the yield of aldehyde 
approaches 80 per cent. The yield of acetaldehyde in the ordinary 

A. M. Clover, J. Amer. Chem. Soc., 1922, 44, 1107; A., i, 619. 

Ph* Malvezim, Ch. Hivalland, 'and Lr. Grandohamp, Oompt., rend.^ 1921, 
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laboratory preparation from alcohol is similarly enhanced by 
the simple device of stirring the chromate mixture in order to 
disengage the aldehyde rapidly from the solution. 

Since the initiation of the Fernbach-Weizmann fermentation 
process for the production of acetone, numerous attempts have been 
made to devise uses for the n-butyl alcohol which is the accom- 
panying by-product. Several claims const^quently appc‘ar in the 
X3atent literature describing the conversion of this alcohol into 
butaldehyde and butyric acid, and doubtlcsss similar cheap and 
useful reagents will be made available. 

The older methods for the reduction of acid chlorides to ald<‘- 
hydes were superseded by the procedure introduced hy Rosen- 
mund several years ago. It is satisfactory to find that the variability 
in the efficiency of the nickel and palladium catalysts in his earlier 
work has been largely overcome and a more trustworthy procedure 
is available. Extension of this work by Rosenmund and his 
collaborators to the dialdehydes is illustrated by the ease of 
sebacicdialdehyde, C3H3L6(CH@)2, which is obtainable in a yield 
of 80 per cent, by the use of hydrogen in presence of i^alladised 
kieselguhr and '' sulphured quinoline. Direct formation of 
acetals proceeds smoothly by careful adjustment of conditions, 
and it is noteworthy that ammonium chloride functions equally 
with hydrogen chloride as a catalyst in this connexion. Neutralis- 
ation of the acid with sodium ethoxide before isolation of the 
product has certain advantages over the earlier practice. 

Studies on keto-enolic tautomerism which owe so much to the 
work of Knorr and his collaborators have been amplified by the 
introduction of interesting examples. As was to be expected, 
the weapons with which earlier attacks on this problem were made 
are not found to be generally applicable, and neither the coloration 
with ferric chloride nor the bromine titration method of K. H. 
Meyer is useful in all cases for the diagnosis of end forms The 
vagaries of enolisation are responsible for many reactions which 
are imperfectly understood, and it excites no surprise to learn 
that diacetylacetone has not the usually accepted open -chain 
formula. Reactions of acetylacetone with tellurium and selenium^ 
tetrachlorides reveal very strikingly the residual affinity of such 
compounds, and the elegant researches of Morgan, Drew, and 

C. E. Adams and J. Wmiams, J. Amer. Chem, Soc,, 1921 , 43, 2420; 
A., i, 222. 

K. W, Bosenmtind, F* ^etzsche, C. FlUtsch, and F. Bnderlem, 

1921, 54, m 2888; A., i, $9; ibid., 1922, 55, [B], 609; A,, i, 4S1. 

»» B. P. Haworth and A. Lapworth, T,, 1922, 121, 76. 

H. F. Klaxifmann, Ber., 1922, 55, [B], 2255; A., i, 985. 

J. KT. Colli© and Amy A. B. BeiUy, OJ., 1922, 121, 1984, 
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Barker elucidate a recondite problem. The work of J. F, Thorpe, 
C. K. Ingold, and their collaborators traverses the whole field of 
tautomeric change, and it is impossible to deal adequately with a 
subject of these dimensions within the confines of this Report. 

Pyrogenic decomposition of acetone leads almost exclusively 
to scission into keten and methane, and ultimately from the keten 
into carbon monoxide and ethylene, whilst with higher ketones 
both saturated and ethylenic hydrocarbons are formed by gain 
or loss of hydrogen by the radicles at the moment of disruption. 
Such data are of value in controlling the process of acetone manu- 
facture from calcium acetate. Union of nitrosyl chloride with a 
normal paraffin in sunlight illustrates a novel and indirect means 
of oxidation, since heptane, passing through the stages of dipropyl- 
nitrosomethane and the isomeric oxime, is converted into dipropyl 
ketone.^® Auto-oxidation is a phenomenon which has been in- 
vestigated closely, with special reference to the inhibitory effects 
of many phenolic compounds.®^ Quinol, especially, suppresses 
the auto-oxidation of crotonaldehyde’even when the “ anti-oxygen 
is present in so slight an amount as 1 : 100,000. 

Acids and their Derivatives. 

Several papers dealing with hydrocyanic acid reflect the interest 
which attaches to its synthesis from materials of a widely different 
nature, and its trimeride appears to be represented by amino- 
dicyanomethane. The question has been reopened as to the 
existence of the tautomeric form, HNC, in equilibrium with the 
normal nitrile form and evidence of this tendency is adduced,^*^ 
Standard reactions for the preparation of formic, oxalic, acrylic, 
maleic, and fumaric acids have been revised, and a convenient 
method of obtaining pure methyl acetate is provided by digestion 
of 70 per cent, acetic acid with methyl oxalate. The behaviour 
of acids in ultra-violet light forms the subject of several papers, 
the halogen acids displaying a marked capacity to decompose into 
paraffin halides. 

Great importance attaches to the precise regulation of conditions 
for the a-bromination of acids. The Hell-Volhard method leads 
to variable results in different instances, and a new series of experi- 

a T. Morgan, H. B, K. Drew, and T. V. Barker, T., 1922, 121, 922, 
2432; compare W. Madelung, Annalen, 1922, 427, 35; A.^ ii, 344. 

(Mile) B. Peytral, Bull. Sog. chim., 1922, [iv], 31, 122; A., i, 222; 
A. Mailhe, ibid., 863; A., i, 986. 

B. V. Bynn and O. Hilton, J. Amer. Chem. Sac., 1922, 44, 646; A., 
i, 417. 

** O* Mouren and C. Dnfraisse, Oonipf. rend., 1922, 175, 127; A., i, 824. 

Edith H. ITsherwood, T., 1922, 121, 1604. 
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ments substantiate the theories of Aschan and others that the 
reaction consists essentially in the addition of bromine to an enolic 
form of the acid, followed by loss of hydrogen bromide, and these 
conditions are attained by using molecular proportions of bromine 
along with 2 per cent, of red phosiihorus. Traces of water in the 
acids, or the acids themselves, serve to generate sufficient hydrogen 
bromide to promote enolisation, a condition which has been 
followed in another connexion by Laj^worth. Bromination of 
ethyl acetoacetate under conditions resembling those of gaseous 
chlorination leads to the a-bromo- instead of the ti>-bromo-com- 
pound.^^ The expense attending the use of ethyl p-iodopropionate 
as a synthetic agent is obviated by substituting in its place the 
esters of |B-chloro- and p-bromo-propionic acids which are now 
obtainable from trimethylene glycol, the latter being a by-iiroduct 
from the glycerol fermentation of sugars 

A new explanation, differing from that of Olaisen, for the aceto- 
acetic ester synthesis is furnished by an intei'csting paper de- 
scribing the isolation of ketenacetal (II), as the result of spontaneous 
decomposition of the primary product in ethereal suspension, or 
by the action of water. It is suggested that the first product of 
the condensation is the compound (I), which changes as dcscrib(‘d 
above or is decomposed by dilute acids to give ethyl acjetoacc^tate : 

/OEt CH.-CO-CHg-CO^Et 

(I.) CH3-CO-CH2-C^OEt 

\ONa CHgreCOEt).^ + (ir.) 

The publication of other confirmatory evidence is promisc^d, and 
will be awaited with interest. 

Addition of hydrogen cyanide to ethyl a-cyano-p-methyl- 
glutaconate and its homologues occurs readily on treatment 
the esters with an aqueous alcoholic solution of potaHsium <tyani<le 
or with hydrogen cyanide containing sxifficient of its potassium 
salt to ensure the presence of cyanogen ions.^^ With sinq>le 
ap-unsaturated esters such as ethyl crotonate or dimothylaorylate, 
tlio additive reaction proceeds smoothly with tlic formation, aftc^r 
hydrolysis, of substituted succinic acids,^^ and similar products 
may be obtained from aldehydes by a simplified procedure involving 
the use of potassium cyanoacetate. 

C. F. Ward, fT., JL922, 121, 116Z. 

b. I. Smith. J, Amer. CUm. Soc., 1922, 44. 216 1 A., i, 31$. 

a A. Bojahn, Ren, 1921, 54, [R], 3115? A., i, 105. 

H. Scheibler and H. Ziegner, 1922, 55, [R], 789; 4., i, 426. 

E. Hope and W. Sheldon, T,, 1922, 121, 2223. 

Lucy Higginbotham and A. Lapwor^ih^ ibid,^ 49; A: Lapworth wd 
Jj. A. McKae, ibid^^ 1699. 



OHaANIC CHEmSTRY. 


71 


Boeseken has extended his boric acid method of investigating 
configuration by applying it to acids of different types. Mono- 
substituted a- hydroxy- acids, OH-CHR-COgH, show an increase 
in conductivity in boric acid solutions, but this increase is greater 
than with disubstituted acids, OH-CRR'-COgH, and this serves to 
differentiate the two types. The attainment of this result is 
attributed to the space relation of the hydroxyl groups. It is 
suggested that in aqueous solution the carboxyl group is hydrated 
to ""C( 0 H) 3 , and in concentrated solution oc-keto-acids contain the 
residue “C(OH) 2 *C(OH) 3 . Careful perusal of the systematic sum- 
mary of the results which have been accumulated up to date will 
be well repaid. 

Speculation as to the mechanism of an important group of 
reactions investigated by Thorpe, Ingold, and their colleagues 
continues to receive experimental fulfilment. Although the 
Reporter can do little more within the allotted space than refer 
the reader to the original papers, mention should be made of the 
discovery that the Michael condensation is a reversible reaction. 
The first recorded example of the Michael reaction was the conden- 
sation of ethyl sodiomalonate with ethyl cinnamate : 

CHPhICH-COaEt + CH2(C02Et)2 :5=s= 

The reaction proceeds from left to right, giving a yield of 35 per 
cent, of the product. If, however, the product after isolation is 
submitted to the heating conditions which promote its formation, 
it is found that the reaction proceeds from right to left to the extent 
of 60 per cent., about 35 — 40 per cent, only remaining unchanged. 
The results furnish decisive evidence in this and other cases that 
a definite equilibrium is reached determining the amount of the 
condensation product which may be isolated from the Michael 
reaction.^ In general, the change may be represented 


CR^rCY-COgEt + CH[H]X-C02Et 


CR2-CY[H]-C02Et 

CHX-COaEt 


and it is suggested that this boars a striking resemblance to the 
three-oarbon tautomerism of substituted glutaconic esters, so that 
the latter change ma’y be regarded as an intramolecular Michael 
condensation : 


CRrCY-COgEt ^ CR-CY[H]-C02Et 
C[H]X-C02Et " CX-COaEt 

Boeseken, i?ec. trav. cMm,, 1921, 40, 553; A., 1921, i, 843. 

O. K. Ingold and Powell, T., 1921, 119, 1976; C. K. Inirold, E. A. 
Perren, and J. P. Thorpe, ibid., 1922, 121, 1765. 
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A series of researches on the synthesis of the poly acetic acids of 
methane has reached completion and has resulted in the iwlatiou 
of all the four compounds, 

(I.) CH(CH2-C02H)3 (II.) CO2H-C(CtV0O2H)., 

(III.) (co2H-ch2)2c:ch-co2H (iv.) c(ch2-co2H)4, 

which may empirically be considered as derivable from glutaconic*. 
acid.^^ 

The isomerism of the glutaconic acids and their derivatives is 
represented by an ever-growing literature, and the elucidation of 
this subject owes much to the work of Thorite and Ingold. 
Feist and his co-workers have failed to obtain the cla- and normal 
forms of p-phenyl-a-methylglutaconic acid described by Thorpe 
and Wood in 1913, but have confirmed the isolation of the trans- 
form and also of a new isomeride which is described as the true da-- 
modification. Feist’s general conclusions favour the view that 
the glutaconic acid series conforms to the ordinary typ(i of geometric 
isomerism rejjresented by maleinoid and fumaroid forms, and that 
any apparent variation is one of degree and not of principle. 

An interesting study of the formation and properties of (3-lactone» 
suggests the speculation tliat these compounds occur more commonly 
than is usually supposed. Since the hydrolysis of (^-lactoncB i» 
not a reversible change, they are conveniently derived froxn p-halo- 
genated acids by hydrolysis in neutral solution. 

A large number of papers deal with the relationships of the 
complex fatty acids, and the following facts emerge. The so-called 
rapio acid is identical with oleic acid. A new acid isolated from 
peat by Aschan and named humoceric acid is not identical with 
lignoceric acid from beechwood tar, since the latter is now shown 
to be tetracosoic acid. It is obtained on oxidising ccrcbronic acid, 
which is itself an a-hydroxypentacosoic acid and does not contain 
a normal chain. Holde and his co-workers have isolated pure 
erucic acid, and the anhydrides of both this and brassidic acid and 
also those of the fatty acids of linseed oil have been prepared. 
The positions of the double linkings in linoleic acid arc allocated 
by a study of sativic acid (tetrahydroxysteario) involving pro- 
gressive elimination of the hydroxyl groups, and the constitution 
pf sativic acid is determined by alkali fusion. Caution, however, 
should he observed in yiew pf the ipstanpea of a benzylic acid 
transformation which are known to occur under this treatment^ 

C. K. Jngold and C. Nickolls, T„ 1922, 121, 

F. Feist, Arina^en, 1922, 428, 25, 59, 68; A., i, 521- 
H. jQhansson ^nd S. H. Hagman, Ber.^ 1922, 56, j[B], 647; 4«? h 
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Electrosynthesis of azelaic and thapsic acid has been achieved, 
and it is now clear that the latter is identical with ?i-tetradecane- 
dicarboxylic acid. 

Halogen Compounds. 

A greatly increased yield of methyl bromide is obtainable by a 
modified procedure which eliminates the usual risk of the pro- 
duction of fiame. The usual mixture of methyl alcohol and red 
phosphorus should preferably be boiled for fifteen minutes before 
the addition of bromine to the gently boiling liquid. When bromine 
is mixed with methylal in a freezing mixture, the chief products 
are methyl bromide and dibromomethylal, OBr2(OMe)2. The 
latter is an effective methylating agent, readily converting aniline 
into methylaniline, sodium cinnamate into the methyl ester, 
P-naphthol into the ether, and sodiomalonic ester into the substi- 
tution derivative.®^ A convenient preparation of vinyl halides 
in situ is rendered possible by distilling concentrated halogen 
acids in presence of calcium carbide while simultaneously satur- 
ating the mixture with the gaseous hydrogen halide. Certain 
metallic chlorides act as accelerators, but ferric chloride promotes 
the formation of dichloroacetaldehyde.®® Chloroacetyl chloride 
has been obtained by the catalytic oxidation of chlorinated ethylene, 
and this reagent has been applied with success in the preparation 
of cellulose esters.®® Various catalytic processes leading to the 
polychloroethanes from acetylene have been described. Arsenic 
trichloride combines additively with acetylene to give the primary, 
secondary, and tertiary p-chlorovinylarsines, which readily undergo 
oxidation to the corresponding derivatives of arsenic acid. Such 
compounds are reminiscent of the reactions which lead to the 
formation of p( 3 '-diohlorodiethyl sulphide, and it is satisfactory to 
observe that the same authors have resolved many doubts as 
to the nature of the reaction between ethylene and the sulphur 
chlorides and have revealed the identity of the related products 
isolated by other workers. Hydrolysis of mustard gas ” with 
alcoholic potassium hydroxide gives rise to di vinyl sulphide, 
which again forms a dichloride with hydrochloric acid, but this 
product is the aa-dichloro-compound and is a non- vesicant, as 

Mabel Carmichael, ^T., 1922, 121, 2545. 

W. Steinkopf and G. Schwen, J". pr, GhQm.^ 1921, [ii], 102, 353; A., 
1921, i, 841. 

F. Feist, Z. angew. Ohem.^ 1922, 35, 489; A., i, 912, 

Brit, Pat. 156120; A., i, 517. 

W, B. Barnett, J. Soc. Chem. Ind., 1921, 40, 286; A., i, 232; and 
D.B.-P. 340872. 

F. G. Maxm and Sir W. J. Pope, T., 1922, 121, 1754, 594. 

S. H. Bales and S. A. hTickelson, ibid., 2137. 
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indeed is the oxygen analogue of mustard gas, the isolation of 
which is recorded. 

Robinson’s theory of the induced polarity of atoms has stimulated 
inquiry as to the labile character of certain groups in a selected 
series of compounds. In several papers, A. K. Macbeth and his 
collaborators have studied this problem in great detail, and 
their general method of investigation is to submit selected halogen 
compounds, among others, to the action of a definite range of 
reducing agents and measure by volumetric methods the nature 
and extent of the reducing action. Certain halides readily lose their 
halogen atoms under these conditions, and their labile ciiaracter 
is attributed to the development of positive polarity by reason of 
the position such atoms occupy in relation to other groups. The 
suggestion that bromomalonic esters owe the labile natui'c of the 
halogen to the presence of an oxygen-halogen linking appears to 
be at variance with the results obtained by a comj^arison of the 
absorption spectra of such compounds with those of ethyl malonate. 
The results recorded find a reasonable explanation in the theory 
which the authors have adopted. 

On the other hand, Gupta and Thorpe find this explanation 
unacceptable in the cases which they have examined and prefer 
the tautomeric h 3 q>othesis which correlates the labile character of 
halogen atoms in selected carbon compounds with the tendency 
of the latter to acquire a hydrogen atom so located as to promote 
enolisation, and their theory is supported by other workers. 

Optical Activity. 

An almost unique case of the optical activation of a racemic 
compound is afforded by the observation that on mixing l-malics 
acid with solutions of the alkali salts of racemic acid rf-tartaric 
acid is liberated.®^ A parallel example is furnished by dZ-phenyl- 
methylcarbinol, which undergoes catalytic dehydration in the 
presence of 1 per cent, of camphorsulphonic acid at 100*^ with the 
formation of the Issvorotatory ether oxide, whilst the imehanged 
carbinol was also activated. Rather different in principle is 
the procedure adopted for the activation or partial resolution of 
di-mandelic acid. The Z-menthyl ester on chlorination with thionyl 
chloride, followed by hydrolysis, gives rise to Z-phenylchloroaoetic 
acid,®^ The practice of separating optical isomcrides by fractional 

T. Henderson and A. K. Macbeth, 1922, 121, 892; 11 b. and 

A. K. Macbeth, ihid.^ 904; H, Oraham and A. Macbeth, ihid,^ 1109, 

B. M. Gupta and J. T. Thorpe, 1890. 

A- MoKl©n 2 sie and HeUi© Walker, ibid.^ 349. 

H. Wuyts, B%dL Soc. cMm. 1921, 30, 30; A., 1921, i, 506. 

A. Shimomura and J. B. Cohen, T., 1921, 119, 1818. 
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crystallisation of their salts was illustrated in the case of lactic 
acid by Purdie. An extension of this procedure to organic esters 
has demonstrated that Z-menthyl esters of atrolactinic acid and 
a-hydroxy~P-phenylpropionic acid are resolvable by crystallisation 
from solvents, since on hydrolysis of the crystals the active acids 
are isolated. The usual practice for the resolution of racemic 
compounds is generally regarded as too difficult an exercise to be 
handled by a student as a laboratory preparation, but the simplified 
manipulation described by Kenner in the case of methyl-^-hexyl- 
carbinol incidentally overcomes this objection,®^ and provides an 
easy access to a useful optically active alcohol. 

Synthesis of optically active compounds by methods which 
involve activation simultaneously with the creation of the system 
of groupings responsible for asymmetry is the only genuine kind 
of asymmetric synthesis. The following recent examples appear 
to come within this category : the cyanohydrin synthesis applied^ 
to tiSovaleraldehyde and ^-tolualdehyde in presence of emulsin 
gives rise to dextrorotatory nitriles ; yeast fermentation in presence 
of pyruvic acid or of acetylcarbinol leads to optically active 
acotylmethyl-carbinol or Z-propylglycol, respectively. 

The discovery of Franchimont that ethyl tartrate is a crystalline 
solid with a freezing point of 18*7® has contributed a new criterion 
of purity, and the admirable investigations based on material 
conforming to this new standard have resulted in a series of 
re “determinations of specific rotation, density, refractive index, 
and dispersion, using light of representative wave-lengths. The 
observed specific rotations range from + 6*87° in the green to 
— 12*2° for the last photographic reading in the ultra-violet and 
include thirty-four values for the intermediate lines of the spectrum. 
The rotatory dispersion is in close agreement with that calculated 
by using two terms of the Drude equation. Comparative measure- 
ments of the interfacial tension between aqueous solutions of the 
two active tartaric acids and racemic acid in contact with inert 
liquids reveal no differences for the c?- and Z-forms, but a marked 
divergence from this value for racemic acid, and this is adduced 
as evidence of the existence in solution of the racemic acid mole- 
cule. On increasing the dilution, there is a clear indication of 
dissociation into d- and Z-forms. It is demonstrated that the type 
of union found in racemic acid is not restricted to the two anti- 
I^odes, since a like combination may be artificially produced between 

H. Wren and B. Wright, T,, 1921, 119, 798. 

« T., 1922, m, 2540. 

I 4 . Rosenthaler, I^ermentforsch,^ 1922, 5, 334; A.^ i, 480; J. Hirsch, 
Biochem, Z., 1922, 181, 178; A., i, 973. Compare A., 1921, i, 150. 
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d- and f-tartaric acid, the complex containing one molecule of each 
acid along with water of crystallisation as in racemic acid, the 
rotatory power being thereby halved.®® 

Evidence is available which disposes of the assumption that 
racemisation of Z-mandelamide with alkali is to be attributed to 
enolisation. An explanation which is supported by exjicriment 
is that alkali or potassium ethoxide combines additively with the 
amide as in the Claisen reactions, subsequent loss of water or 
alcohol producing an inactive compound. The changes may bo 
expressed : 


Ph-CH*OH 

NHg-io 

Isevo. 


Ph-CH-OH Ph-C'OH Ph-CH-OH 

NHa-C-OK NHa-CIO 

IsBvo. inactive. racemic. 


JThe racemisation of the mandelonitrile residue in amygdalin is 
explicable on a similar principle. The presence of a migrational 
hydrogen atom on the asymmetric carbon atom appears to lead in 
all such cases to racemisation; this tendency is suppressed by 
substitution of a methyl group for the hydrogen atom or altern- 
atively by replacing the phenyl residue by benzyl. On the other 
hand, the tendency is increased by the presence of a methoxyl or 
tolyl group in place of the hydroxyl group attached to the asym- 
metric carbon atom. 

Of the many examples of resolution into optically active forms 
which have been communicated during the period under review, 
one of the most interesting is that of the keto-dilactono of benzo- 
X:)henone-2 : 4 : 2 ' ; 4'-tetracarboxyIic acid shown below : 




CO-0 

\ 


\ 


>0O»H 


b-co-^ 


The compound affords another example of the existence of optical 
enantiomorphs containing no asymmetric atom. Theoretically, 
the molecule is divisible at the central spirane carbon atom into 
two identical halves, but the molecular asymmetry is attributable 
to the fact that these two halves lie in different planes which meet 
and intersect at right angles at this central atom. The resolution 
has been achieved by the use of Z-a-phenylethylamine. Taking 

Ph. handrieu, Bidl Soc. cUm., 1922, 83, 667; A., i, 808; 8. W. Peimy- 
emek, J. Amen Chem. Boc., 1922, 44, 1188; A.^ i, 624. 

Z Isobel A. Smith, T., 1922, 121, 1848. 

W. H. Mills and O. K. Kodder, 4bid,, 1921, 119, 2094. 
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advantage of the existence of aa'-dibromoadipic acids in both 
meso- and racemic forms, W. H. Perkin and E. Robinson have 
condensed the esters of these acids with ethyl malonate in order 
to synthesise the geometric isomerides of cyctopentane-1 : 2 : 3- 
tricarboxylic acid : 

CHa— CH-COgH 
CIH-COaH 
CHa— CH-COoH 

Two of these isotnerides, the cis4rans-cis, and the cis-cis-cis, are 
mPSo4orms and a third, the cis4ranS‘trans, is a racemic form, which 
was resolved by means of brucine. 


Carhohydrates. 

Monosaccharides , — Improved methods for the preparation of a 
number of sugars and their derivatives are reported in the literature 
of the year, among which are included fructose, mannose, galactose, 
raffinose, sorbitol, inulin, and gluconic acid. Scrutiny of the 
procedure involved in the oxidation of hexoses has revealed an 
unexpected result. At the ordinary temperature and in the absence 
of air, nitric acid transforms glucose or gluconic acid into a-keto- 
gluconic acid, in the formation of which the oxidation of a secondary 
alcohol group is involved. Fischer’s degradation of c?-saccharic 
acid by oxidation with permanganate into d-tartaric acid proved 
the configuration of the groups attached to the second and third 
carbon atoms of the glucose chain. The diamide of cZ-saccharic 
acid yields, however, Z-tartaric acid through the related dialdehyde 
on treatment with bromine and potassium hydroxide,'^® and this 
proves the configuration of the groups attached to carbon atoms 
3 and 4. 


CO^H (pOgH 

H'G'OH H-C-OH 

ho-6-h HO-6-H KOH and Br. 

CO2H -< ^ H-C-OH on amide 

H-C-OH 

COgH 


CO 2 H 

HO-C-H 

H-C-OH 

CO 2 H 


Collateral evidence bearing on the character of the oxide linking 
in simple hexoses is furnished by the synthesis of y- and 8-hydroxy- 

T., 1921, 119, 1392. 

« H. KiKani, Ber., 1922, 65, [1?], 76, 493; A., i, 223, 321. 

M. Bergzoaxm, WA,, 1921, 64, [B], 2651; A,, i, 7. 
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aldehydes and -ketones.’’^ The location of the hydroxy] group 
with reference to the aldo- or keto-group resembles that of a sugar, 
and it is significant that these compounds simulate the reactions 
of sugars. They form “ glucosides ” or semi-acetals with methyl - 
alcoholic hydrogen chloride, instead of the usual acetals, and the 
ease of hydrolysis of these methyl derivatives is comparable with 
that of the glucosides. Moreover, the typical aldehyde reactions, 
although not altogether suppressed, are modified or retarded by 
reason of the existence of the aldehydes or ketones in their more 
stable biityleiTC- or amylene-oxidic forms : 



CH-OH 

CHa 

C) ClHa 
(JHg 

CHMe 


O 


OHo 
I ® 

-C-OH 

(JHa 

(JHo 

cjhI 

-6h., 


(I.) (II.) (III.) 

( 7 .hydroxy-aldeliyde). (5 -hydroxy -aldehyde). (5-ace tylbutylalcohol). 

Cyclic forms of : 


The methyl semi-acetal of III contains an amylene oxide ring and 
the sensitiveness of this analogue of methylfructoside towards 
extremely dilute acids is remimscent of the behaviour of the 
y-glucosides or fruotosides. Should the amylene-oxidic structure 
be assigned to the y-sugars, this characteristic property will receive; 
sufficient explanation from the analogy which has been drawn. 

A re-investigation of the acetone derivatives of glucose indicates 
that their structure conforms to the y-glucoso type, and formulsQ 
are ascribed to those compounds wdiich represent y-glucoso by a 
propylene- oxidic structure. On the other hand, both fructose 
mono- and di-acetones are derivatives of ordinary lievorotatory or 
butylene- oxidic fructose, and it is remarkable that thc’^ same com- 
pounds are formed either from ordinary fructose or y-methyl- 
fructoside."^^ 

The chemistry of glucosamine has been advanced by the recog- 
nition and study of the new p-form, and a comparison of its mole- 
cular rotation with that of the a-form shows that these values 
are in agreement with Hudson's rule if glucosamine is accepted as 
2-aminoglucose, and at variance with its relationship to mannose. 

B. Helferioh and M. Gehrk©, Ber., 1021, 54, [B], 2640; A., i, 0; B* 
Helferich and T, Malkomes, ihid.^ 1022, 65, [B], 702; i, 431; M. Berg- 
mann and A, Miekeley, 4bid,f 1300; A,, i, 618. 

J. O- Irvin© and Patterson, 37., 1922, 121, 2146. 



OBGANIO CHEMISTRY. 


79 


Since glucosamine has been converted into both glucose and man- 
nose, the latter change must involve a Walden inversion. Con- 
densation of triacetyl bromoglucosamine with salicylaldehyde does 
not occur through the phenolic group of the latter to give a gluco- 
side, but involves a union of the aldehyde residue of salicylaldehyde 
with the amino -group of the sugar. The bromine atom in the 
reducing position in the sugar derivative thus remains intact, and 
is removed by solution in alcohols and leads to glucoside formation. 
The latter reaction is accompanied by a gradual change of rotation 
which, in the absence of precise knowledge of the structure of the 
salicylidene derivative, was formerly described as pseudo-muta- 
rotation. Whilst serving to elucidate an apparent anomaly in the 
optical behaviour of a supposed glucoside, this research furnishes 
additional evidence of the tendency of glucosamine to form deriv- 
atives of ■ the betaine-ring type. Thus, whilst triacetyl methyl- 
glucosamine combines to give an 80 per cent, yield of the salicylidene 
derivative and presumably exists largely as an amino -hexose 
complex, the de-acetylated methylglucosamine yields only 26 per 
cent, of the salicylidene product, the inference being that free 
methylglucosamine exists mainly in the betaine form in which 
the glucosidic methyl group is united with nitrogen, giving the 


cyclic complex 


“CH“ 

(pH~ 


O vMe 

. The capacity of glucosamine to 


H 


condense with reagents varied in type is also illustrated by its 
transformation into crystalline heterocyclic compounds of the 
glyoxaline and pyrrole class in presence of potassium thiocyanate 
or silver cyanate,’"^ reactions which bear a resemblance to the first 
stage in Pyman’s synthesis of histidine. The idea that glucose, 
reacting as an aldehyde, gives a glucose-ammonia which is an 
analogue of aldehyde-ammonia is revived, but, on the other 
hand, it is confirmed that glucose-anilide has the butylene-oxidic 
structure and is therefore aniline-glucoside.'^® 

Olucosides and Diaaccharides , — ^The recognition of the sugar 
residue in amygdalin has long been a subject of dispute and Fischer’s 
tentative suggestion that the bioso may be identical with maltose 
has often been misconstrued. The methylation of amygdalin has 
been accomplished by means of methyl sulphate and sodium 
hydroxide, giving the completely methylated amygdalinic ester.®® 

J. O. Irvine and J. C. Earl, T,, 1922, 121, 2370, 2376. 

H- Pauly and E. Eudwig, Z, physiol. Ohmn., 1922, 121, 170; Ar, i, 953. 
78 A. B. Eing and H. B. ISTanji, T., 1922, 121, 1682; J. Boo. Ohem. Ind., 
1922, 41, 161t; A., i, 63E 

7® T. Sabalitschka, JBer. dmt. Pharm. Qes.^ 1921, 31,. 439; A., i, 247. 
ao Haworfch and Crraee O. Eeitch, 1922, 121, 1921. 
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Hydrolysis of this compound led to the isolation of butylene-oxidic 
forms of 2:3: 5 -trimethyl glucose and 2:3:5: O-teti^amethyl 
glucose, from which it follows that the amygdalin-biose has the 
same structural formula as maltose : 



The stereochemical formula is, however, probably diiferent from 
that of maltose, and the biose is most likclj^ a glucose- p-glucoside 
of the above structure, and may prove to be identical with iso- 
maltose or gentiobiose. 

Progress has been made in several researches on the constitution 
of digitonin, which is shown to contain both hexose and pentose 
residues. The difficult problem of the constitution of the saponins, 
whilst continuing to engage the attention of chemists, requires 
exceptional patience and resource, and it would seem that greater 
success can only be attained by an extended study of the crystalline 
sapogenins, which are related to the terpenes,®^ The glucose 
residue in indican appears to be of the normal butylene-oxide 
type.®^ 

A biochemical synthesis of a-methylmannoside is reported and 
also the synthesis of new condensation complexes from helicin. 

Polysaccharides , — A significant feature of the work of the year 
is the unprecedented volume of researches on the constitution of 
the polysaccharides. It is only possible to reflect the general 
trend of the published results, which are often so contradictory 
that little finality is to be expected at the present stage. Starch, 
when degraded by bacteria, gives rise to a scries of products, many 
of them crystalline, which are represented by a formula (C@Hj 0 O 5 )n, 
where n is a small integer such as 2, 3, 4, 6 , 8 , and these compounds 
are known as the di-, tri-, tetra- (etc.) amyloses. In relation to 
starch itself, these are comparatively simple substances, and their 
investigation may obviously be expected to throw some light on 
the structure of starch. On distilling potato-starch in glycerol, 
a new depolypierised product is isolated, differing from the above 
triamylose, but isomeric with it, and this is named trihexosan.®** 

A. Windaus and ISU Weil, Z, physiol, Chem,^ 1922, 62; A., i, 84S; 

A. W. van der Haar, Bee, trav, 1021, 40 , 542; A,, 1921, *, 877. 

A. K. Macbeth and X Pryde, 1922, 121, 1660. 

«» H. H^iissey, Oompt, rmd,, 1921, 178 , 1406; A., i, 112; de Fa2;i, 
1922, 62, i, 429; A., i, 755. 

Ar Pictet and B. lahn, OMm, Acta, 1922, 6, 640; A., i, 987, 
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Pringslielm, Karrer, and others have resorted fco the use of a com- 
bination of the Piirdie reaction and the methyl sulphate method 
of methylation in a detailed study of these depolymerised starches 
and, coupled with the application of acetylating agents, have 
endeavotired to trace the simplest depolymerised unit of which 
the starch molecule is composed. This is variously regarded as 
{C^^xq 0^)2 or A. Pictet has abandoned his opinion 

that starch is polymerised fi-glucosan, and, along with Pringsheim, 
regards (C 6 ®fio^^ 6)3 unit of starch. Karrer, on the contrary, 

considers that the unit is a diamylose, namely, anhydromaltose,®^ 
since all methods of degrading starch had hitherto led to maltose 
or polymeric forms of its anhydride. Methylation of purified rice- 
starch with methyl sulphate yields a product which is incompletely 
methylated and on hydrolysis gives rise to two parts of dimethyl 
glucose and one part of 2 : 3 : 6-trimethyl glucose, a result which 
suggests the view that the starch unit is a trihexosan, and that 
the partly methylated starch (OMe = 37 per cent.) contains in 
each unit a trimethyl hexose residue and two dimethyl hexose 
residues. A structural formula is based upon these results : 

CH2-CH(OH)-<l3H-[CH^OH]2-CH 

(!) 

■CH-[CH-0H]2-0H-CH(0H)-iH2 

L __o ' 

This formula takes into account the constitution already assigned 
to maltose,®'^ and it is noteworthy that Karrer ’s anhydromaltose 
formula does not admit of the formation of the 2:3: 6-trimethyl 
glucose which has been isolated as above. It is pointed out that 
ordinary starch contains nitrogen and ];)hosphorus in chemical 
combination, and an ingenious suggestion is advanced ®® that the 
resistance of part of the starch grain to the action of hot water or 
acids is due to the presence of condensed complexes of the starch 
unit with silicic or phosphoric acid or water, the breakdown of 
which gives rise to the polyamyloses. 

In confirmation of earlier work, it is now established that cotton 
cellulose at least contains only glucose residues.®® A new di- 

P, Klarrer and Blizaboth BUrklm, Helv^ Chim. Acta, 1922, 5, 181; A,, 
i, 435. 

J*. C. Irvine and X Macdonald, JBriL Assoc^ Heports, 1922. 

W. N. Haworth and Grace C. Leitch, T„ 1919, 116 , 809. 

G, Malfitano and M. Oatoire, Oompt, rend,, 1922, 174 , 1128; A,, i, 527* 
»» J, C. Irvine and E. L. Hirst, T., 1922, 121 , 1585. 
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saccharide, celloi^obiose, has been isolated by Ost and Knoth 
from the products of acetolysis of cellulose. Its physical constants 
and the solubilities of its octa-acetate differentiate it from cello- 
biose, and its osazone melts at 165 — 167°. Although hydrolysable 
with greater difl&culty than cellobiose, its acetate changes into a 
derivative of the latter sugar. A now degradation of cellulose into 
a biose-anhydride is reported by Hess,®^ and its tetraethyl deriv- 
ative may be obtained by acetolysis of ethylated cellulose. Karrer 
has advanced a cellulose constitution which represents the mole- 
cule as composed of two ixnits only of anhydro-ccllobiose. It was 
indicated two years ago by W. S. Denham that methylation of 
cellulose could be carried to the stage at which three methoxyl 
groups were introduced into each residue, the methoxyl 

content being 44’6 per cent, as compared with a theoretical value* 
of 45'6. The later work describes the hydrolysis of methylated 
cotton cellulose containing OMe = 43’0 per cent., which gave almost 
entirely the 2:3: 6-trimethyl glucose, thus affording a proof that 
the glucose residues in a-cellulose are identical in structuro. The 
above trimethyl glucose has recently been the subject of further 
study and the structure assigned to it by other workers is con- 
firmed. A formula for the cellulose unit which is based upon these 
striking results must take into account the yield of cellobiovsc which 
is obtainable when cellulose is subjected to acetolysis, an<l Irvine, 
Denham, and Hirst suggest among others the following, which for 
several reasons is preferred ; 

o , 

I CH — O CH CH-[CH-0H]2*CH 

O [OH-OH]2 J 

' CH I 

CH 0 CH-[CH-0H]2-CH-0H-CH2*0H 

6h2-oh ' ^ ^ 

The interesting observation is made that percolation of salt 
solutions through cellulose produces an acid jfiltrato, which suggests 
the hydrolysis of, in one case, sodium chloride to hydrochloric 
acid. Aqueous washings from the cellulose so treated give an 
alkaline solution of alkali content almost equivalent to the acidity 

CeMvlo^echemie^ 1922, 3, 25; .4., i, 526. 

K. Hess and W. Wittelsbach, 1921, 54, [B], 3232; A., i, 116; 

K. Hess, md., 2867; A., S, 12. 

fia B. Karrer, 1921, 2, 126; A., i, 231. 

W. S. Benbam, 27., 1921, 119, 77. 

J. O. Irvine; W. S. Benham, and B. Hirst, BnX Amoc. 1922, 

J. O. Irvine and B. B. Hfet, 2^., 1922, 121, 1213. 
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of the salt solution. The resultant effect on the cellulose is a matter 
of considerable importance.^® 

One of the many disconcerting factors encountered in the elucid- 
ation of the constitution of polysaccharides is the phenomenon of 
polymerisation and depolymerisation which may appear at any 
stage of the work. This circumstance is responsible for the isolation 
of no fewer than three types of trimethyl inulin, two of which are 
soluble in ether and show rotations of opposite sign, whilst the 
third is insoluble in ether. Such apparent anomalies are responsible 
for the frequent claims and counterclaims of different workers. 
Genuine progress has, however, been made in that it is finally 
established that inulin is composed entirely of y-fructose residues ; 
these may conceivably be arranged in groups of three in the unit 
formula of the inulin molecule on the analogy of starch and cellulose, 
namely : [(06Hio05)3]:,. 


Nitrogen Compounds, 

An inquiry which will be welcomed by all chemists has been 
initiated with promising results into the mechanism of the synthesis 
of nitrogenous products in the plant. There is an experimental 
basis for the belief that the production of activated formaldehyde 
(I) from carbon dioxide under the influence of light leads, in the 
presence of nitrites or nitrates, to the synthesis of formhydroxamic 
acid (II), the photosynthetic formation of which was established 
by Baudisch, 


h- 6 *oh + o:n-ok 
(!•) 


H-C-OH H-C;OH ^ 

0 :N- 0 K N-OH 

(II.) 


and that this product enters with remarkable ease into combin- 
ation with more activated formaldehyde, giving rise to amino- 
acids and possibly j)roteins and alkaloids. The progress of this 
work will be watched with special interest and with the expectancy 
that sufficient of the laboratory products may be made available 
for definite characterisation and analysis. Significance is attached 
to the observation that sustained efforts are in progress to obtain 
synthetic carbamide on a considerable scale. Scrutiny of the 
patent literature reveals a noteworthy attempt to replace the 
laboratory methods by a direct commercial process which will 

Helen Masters, T,, 1922, 121, 2026; A, Tingle, J. Ind, Wng. Ohem,, 
1922, 14, 198; A., i, 434; IS. Knoevenagel and H. Busch, Oellulosechemie, 
1922, 3, 42; A,, i, 636; J. Huebner and F; Kaye, «/. Soc, Ohem* Ind., 1922, 
41, 94t; a., i, 435. . . 

X C. Irvine, Ettie S. Steele, and Mary I. Shannon, jT., 1922, 121, 1060* 

E .Q, 0. Baly, I. M. Heilbron, and D. B. Hudson, ibid., 1078* 
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inYolve tlie utilisation of carbon dioxide and ammonia or of cyan- 
amide. 

The synthetic utility of cyanamide and dicyanodiamide is empha- 
sised by the numerous examples on record of j;>reparations of 
guanidine derivatives. The alkylated guanidines are readily 
available by the interaction of hydrochlorides of alkyl amines and 
dicyanodiamide.®® The latter reagent combines with ammonium 
perchlorate to give the explosive guanidonium x^^'^'chlorate, wliich 
provides a convenient source for the preparation of guanidine and 
its salts. ^ Condensation of ethylene chlorohydrin with i*yanamid<‘ 
yields the cyanoamidoethyl alcohol, whence, reacting in the form 
NC*]SrH*GH2“CH2*OH, guanidoethyl alcohol may be derived by 
combination with alcoholic ammonia. Although orthocai'boniii 
acid and its amino-analogue have only a hypothetical existenct^ 
yet it is interesting to consider a scheme of derivation “ which 
proceeds from the formula C(NH2)4 by progressive loss of ammonia 
from one or more molecules to guanidine, diguanidine, cj^anamidc^ ; 
and from a polymeride of the latter, namely, melamine, (H2CN2)3, 
to melam, melem, melon, and hydromelonic acid, A new member 
of the series, dicyanamide, (CN)2NH, is an acid which is com- 
parable in strength with hydrochloric acid. 

The synthesis of lif-aminohydroxysuccinic acid has on Hcvcsral 
occasions been prematurely reported, but success has now been 
achieved by heating chloromalic acid under pressure with aqueous 
ammonia.® The acid so attained is a mixture of two crystalline 
isomerides, which give rise on treatment with nitrous acid to 
racemic and mc^otartaric acids. Applications of the aminoethanols 
which are of service as intermediate products in the synthesis of 
local anaesthetics, continue to excite interest. Although it is not 
possible to give an outline of the many synthetic compounds the 
preparation of which is chiefly described in patents, yet certain 
novel modes of formation may be summarised. Condensation of 
a-bromopropionic acid with dimethylamine and subsequent esteri- 
fication lead to ethyl a-dimethylaminopropionate. Reduction of the 
ester group is effected by sodium in alcohol, and the product is 
dimethylaianinol, Me2N*CHMe*CH2*OH, which readily gives with 
methyl iodide alanine-choline iodide. The method finds applic- 
ation in a number of cases quoted by Karrer and his pupils.^ Re- 

E* A. Werner and X Bell, fT., 1922, 121, 1790; T. b. Bavis, J* Amer. 
Ohem. Soc., 1921, 48, 2230; A., i, 118, 

^ W. Marokwald and F. Stmwe, Ber., 1922, 55, [B], 457; A., i, 328; E. 
Fromm and E. Honold, ibid,, 902 ; A,, i, 529. 

* E. O. FrankJlxv J, Amer, Ohem, Soc,, 1922, 44, 486; A,, i, 440. 

» H. B. Bakin, J, BM, Ohem,, 1921, 48, 273; A„ I, 143. 

Ohim, A<m, 1922, 5, 469; A,, i, 813, 
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placement of the hydroxyl group in diethylaminoethanol by halogen 
and condensation of this halide with sodio-malonic and -acetoacetic 
esters represents another line of inquiry which is in progress, whilst 
the use of Crabriel’s jDhthalimide method in conjunction with the 
halogenohydrins provides another mode of preparation of amino- 
alcohols. 

Prolonged heating of mercury fulminate at 90® effects an im- 
]>ortant change without alteration of the crystalline form and gives 
a non-explosive i)roduct which has been named pyrofulmin, but 
indications point to its not being a homogeneous ® compound. 

In two theoretical papers which merit attention, Staudinger ® 
reviews the reactions of ketens and aliphatic diazo-compounds 
and reaches conclusions which suggest a modification of the con- 
stitution of the latter in accordance with the views of Thiele and 
Angeli. 

Compounds of the type HgCINiN are termed azenes on the 
analogy of the ketens, and two reactive points are indicated : 

P 2 C:N:N< and 

1 i 

Reactions occurring at the terminal position, involving the first 
scheme of formulation, are common, such as reduction of aliphatic 
diazo-compounds and addition of Grignard reagents. Many 
reactions, such as the addition of unsaturated compounds, occur in 
conformity with the second scheme, and may be written : 

RgCrNiN + A=B — R2C<:t 
j I A — B B 

and the action of water, acids, alcohols, and amines proceeds in a 
similar manner. Comparison with the reactions of ketens enables 
a close analogy to be drawn. 

The period covered by this division of the Report is from December 
1921 to November 1922 inclusive, but the section on optical activity 
includes also the work of the previous year. 

W. N. Haworth. 


Part II. — Homocvclio Divistok. 

Iisr compiling this report the writer has endeavoured to adopt an 
impartial and unprejudiced point of view, but he is fully aware of 
the difficulties which may be encountered in such an attempt and, 
if there are occasionally signs of straying from the path, the only 
extenuating circumstance which can be urged in mitigation of the 

® Panghans, ges* Schiess. u, Sprengstoffw., 1922, 17, 9, 18, 26; i, 328. 
« Helv, CMm. Acta, 1922, 5, 87; A., i, 238. 
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offence is that in all probability an entirely neutral survey would 
also be lifeless and devoid of value. Both in volume and in 
sustained interest the work published during the year fully roaches 
the pre-war level and attention may be Bx>ecially directed to the 
series of papers on tautomerism, ring-formation, and allied subjects 
which have been prosecuted in the laboratories at S. Kensington 
and recorded in papers which followed one another in quick succession 
with almost bewildering rapidity. 


Constitution of Be^izene, 

The Dewar formula for benzene has been revived by <J. Iv. Ingold,^ 
who regards it as one of the phases in an equilibrated systein of 
valency isomerides : 

/■X X;\ /X. 







The argument is partly by analogy with the recently observed 
intra-annular tautomers (p. 113) and partly derived from a survey 
of the reactions of phenol and its derivatives- 

This view would bo contested by few if the para-linking were 
interpreted as amounting to a relatively weak partial valency only, 
but the suggestion is apparently advanced in a much more uncsoni- 
promising form, to which there are obvious and serious objections. 
It is, for example, contrary to experience to assume that a substancjc 
of the formula I could be so stable to permanganate as are many 
derivatives of benzene- There is also the behaviour with ozone, 
the absence of dicyclic products of reduction processes, atid, in 
general, the absence of any degradation product of benzene or its 
derivatives in which the carbon atoms in the para-position arc 
found to be connected. It would be beside the mark to answer this 
criticism by assuming high reactivity of the para- bond, because in 
that case too high a standard of activity is set by the ethylene 
linkings. A conjugated system connecting two atoms is in nuiny 
respects the equivalent of a direct bond and naturally^ therefore, 
very many reactions can equally well be represented as duo to the 
intervention of either. But the theory of reversible addition to 
conjugated systems involves the fewer inconsistencies and is a 
wider generalisation. Only one specific point can be touched upon 
and that concerns the relation of quinol to quinone. !l’'he Bchernc 
given is : 




hoX\=/\oh 



1 T., 1922, m, 1123, 
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This docs not accommodate the fact that dihydric phenols may 
be oxidised to qninones by means of silver oxide or lead peroxide 
in dry ethereal or benzene solution,^ and many other arguments 
could be quoted in support of the view that the relation between 
quinol and quinone is a directly reversible one involving the removal 
and addition of two hydrogen atoms. An extremely elegant 
synthesis of orcinol is described by Ingold in Part II of the series, 
the title of which is Synthetic Formation of the Bridged Modi- 
fication of the Nucleus. ^ 

Ethyl P-methylmethanetriacetate (II) was converted by means 
of sodium or potassium in xylene solution into a mixture of substances 
from which it was possible to isolate ethyl 3-methylcycZobutan-l- 
one-3-acetate (III). The question of the constitution of this sub- 
stance is not discussed, and it must be assumed that there is some 
undisclosed reason why it cannot have the open-chain formula, 
Me*C0’CHICMe*CH2'C02Et, apparently a possibility. The ester 
III was obtained in very small yield and was found to undergo 
transformation to orcinol (IV) under the influence of sodium in 
ether— benzene solution. 








9H2-CMe-0H2 


CO:EtJo:Et6o;Et 00,Et 


(n.) 


(HI.) 


CMe 


30 

\ 


\ 


9H2 

CO 




Me 

Hol^^OH 


(IV.) 


Synthetic evidence is, however, generally regarded as inadmissible 
in such cases, unless, indeed, two valency isomerides are sufficiently 
stable to exist independently as, for example, is the case with 
cycZobutene and butadiene. It should be stated that the above 
synthesis is not regarded by its originator as a complete proof of 
the occurrence of the bridged phase of the nucleus. 

A new benzene model has been suggested by Fraser,^ but it does 
not appear to satisfy the necessary structural conditions. Briefly, 
it is the most symmetrical possible arrangement of six tetrahedra 
which will fulfil the requirements of the facts of isomerism of sub- 
stituted derivatives and also bring the groups in the ortho-position 
into closer space relationship than those in the meta- and para- 
positions. The solution of this problem in geometry leads to a 
“ twisted ” Ladenburg prism formula in which each carbon atom 
is attached to two others in the m-positions and to the carbon atom 

* B. Willstatter and J. Pamas, Ber,, 1907, 40, 1406; B». WiUstatter and 
F. Miiller, ibid., 1908, 41^ 2580. 

» O. IC Ingold, 1922, 121, 1143. 

^ R. Fraser, ibid.^ 188, 
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ia the ^-position. It thus contains nine single bonds or, in the 
terminology of the octet theory, there are six octets connected by 
means of nine duplets. Adopting the hexagon convention in order 
to indicate the carbon atoms in o-, and jp-positions, the arrange- 
ment of valencies is as shown in the annexed figure, which closely 
resembles the stereographic projection of the model. 

One of the chief of the many groups of facts which arc at variance 
with this interpretation is concerned with the relations of aromatic 
and hydroaromatic compounds. Orientation in the benzene and 
eyeZohexane series is in many cases an independent process and the 
results are always in agreement with the supx>osition that no serious 
rearrangement in the mode of linking of the carbon atoms occurs 
when a benzene derivative is reduced. In Fi'aser's model the un- 
broken eyeZohexane rings are indicated by the figui-es 1, 2, 3, 4, 5, 6 



and letters a, 6, c, cZ, e, /, and there may be other possibilities none 
of which represents the succession of atoms characteristic of the 
reduction products. Even in the formation of dihydro-derivatives 
it wordd be necessary to delete the nine bonds and replace them by 
entirely new ones and it is a severe strain on one’s capacity for 
assimilation of new ideas. The tautomeric change of phloroglucinol 
into triketohexamethylene would similarly involve an alteration in 
position of each of the nine bonds. In terms of the prevailing 
version of the electronic theory of valency, the problem of the 
constitution of benzene becomes that of the disposition of eighteen 
electrons, twelve of which may be assumed to be involved in the 
formation of the ring. In regard to the remaining six, numerous 
suggestions have been made,^ independently, but with points of 

® H. Kaufimami, “ Die Valemslehre,’’ p, 539; H. Stark, “ Die BlektrizitUt 
in Chemischen Atom,*’ p, 215; H, Pauly, J. pr. Ohem,, 1918, [uj, 98, 118; 
W, O. Kermack and R. Robinson, 37., 1922, 121, 437 ; M. L. Huggins, Science, 
1922, 55, 679; A,, i, 997; JT. Amer. Chem. Soc., 1922, 44, 1607; A., i, 928; 
B. C. Crocker, ibid., p. 1618; A., i, 927, 
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contact ewpcciaLly in regard to the explanation of the laws of sub- 
stitution. The further discussion of this highly speculative subject 
cannot be attempted here. 

It will be recalled that, as the result of the X-ray analysis of 
crystals of naphthalene and other aromatic compounds. Sir William 
Bragg concluded that the characteristic hexagonal rings are 
puckered.*^ Moi-(‘ j’ccently, somewhat modified figures for the 
crystal molecules of benzene, naphthalene, and anthracene have 
been presented and are intended to show a solution which would be 
in agreement with the results so far obtained.'^ It is, at any rate, 
already clear that the carbon atoms in the individual crystal 
molecule do not lie in a plane. It is interesting to note that similar 
conclusions in regard to cycWiexane rings have been reached as 
the result of a study of the influence of stereoisomeric c^/eZohexane- 
diols on the conductivity of boric acid and of the behaviour of the 
glycols on condensation with acetone.® The chief obstacle to the 
acceptance of the view that this arrangement is a stable one, rather 
than a phase of an oscillation which may be suppressed in crystal- 
lisation or in the course of a reaction, lies in the fact that numerous 
cases of enantiomorphism should arise in substances hitherto 
regarded as composed of symmetrical molecules. Although its 
chief interest may possibly be in connexion with another matter, 
the opportunity may be taken to mention here the important 
achievement of the resolution of y-6 : 6'-dinitrodiphenic acid (V) 
into oi)ticaliy active components.^ 


(V.) ^0 



The resolution was carried out with the aid of brucine, and the 
acid from the less soluble salt had [a]x» = + 225"" and exhibited a 
tendency to racemise. The significant feature which distinguishes 
this example of enantiomorphism from all others is, of course, that 
the cause of the asymmetry must be sought in some property of the 
nucleus. The authors point out that their results may be explained 
on the basis of alternative hypotheses, and the one which is 
apparently favoured is that the two nuclei are not coplanar. In 
other words, Kaufler’s diphenyl configuration or some modification 

^ Presidential Address to the Physical Society, Proc. Phys, Soc.^ 1921, 34, 
33. 

» Sir WiUiam Bragg, 3P., 1922, 121, 2783. 

« H, G. Derx. Rec. trav. chim., 1922, 41, 312 ; A., i, 651. 

» G. H. Christie and J. Kenner, T.. 1922, 121, 614. 

> Compare Ann. Reports, 1921, p. 88. 
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of this is iudicated. Indeed the support which Cain’s work in the 
diphenyl series lent to Kaufler’s view led to the prediction now 
verified, that certain members of the group might be resolvable. 

If this explanation is accepted, and it appears reasonable from every 
point of view, it follows that the bond connecting the two phenyl 
nuclei is not in the plane of either of the benzene rings and this 
is most easily understood on the basis of the benzene configuration 
deduced by Bragg, But it may be pointed out that the juxta- 
position of two benzene rings in diphenyl and its derivatives is in 
some respects analogous to the packing of isolated molecules in the 
crystals and might conceivably have a similar effect in damping 
vibrations. 


Orieniatmn, 

The fact that w-nitrotoluene gives as one product of nitration 
2:3: 6-trinitrotoluene is of interest since, in this case, the nitroxyl 
enters every possible position o- and p- to the methyl group but 
apparently not at all m- to the nitro-group.^^ It is remarkable that 
o-methoxybenzoio acid should yield, on nitration, along with the 
normal products, no less than 27 per cent, of 4-nitro-2-methoxy- 
benzoic acid (I),^^ because whilst m-dircctivc grou])s aix^ almost 
always also o-directive, it is very rarely that substitution in the 
m-position occurs with respect to a pronouncedly o-p-directi ve group* 
One of the very few instances on record iiiay now be deleted from the 
literature, since it has been found that the acid obtained by (hiess 
by the nitration of m-hydroxybenzoic acid and regarded by him as 
the 5-nitro-acid (II) is in reality 6-3tiitro-m-hydroxy benzoic acid and 
substitution occurs exclusively in the o- and j?-positions with respect 
to hydroxyl. It is interesting that chlorination occurs in positions 
2 and 6 but bromination leads only to the formation of 4-bromo- 
m-hydroxybenzoic aoid.^^ In the nitration of nitroacetotoluidides, 
two instances have been recorded in which the presence or absence^ 
of sulphuric acid very greatly influences the position taken up by 
the entering substituent. 


(I.) 


OO^H 

I^^OMe 



C50oH 


(IT.) 


“ H. King, 1914, 30, 250; J. F. Thorpo, T., 1921, UO, 535. 

3*. Kenner, Nature, 1922, 109. 681 ; A., i, 533. 

“ O. L. Brady, 1922, 131, 328. 

V. Froelicher and J. B. Oohen, t6icZ., 1652. 

IS B. H, Beyer, Rec. trav. cUm., 1921, 40, 621 ; A., i, 37. 
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In the following scheme, the main products are indicated. 


Me Me Me 

]Nq-0 

NOal^^NHAo ' NOal^^NHAc hnoT NOal^^NHAc 
NO 2 


Me 

]raAc 


HKO, 


Me 

Me 


H.S0^ J^NnO, 

u 


NHAc 

NHAc 


In sulphonation of naphthols and naphthylamines the apparently 
perplexing results can readily be collated with the orientation rules 
developed in the benzene series if certain of the peculiarities of 
naphthalene, such as the reactivity of hydrogen atoms in the 
a-positions, are taken into account. Thus, by analogy with phenol, 
the points of attack in P-naphthol should be positions 1, 3, 6, and 8, 
and these are the positions occupied by sulphonic radicles in the 
well-known, technically useful acids prepared by direct sulphonation. 
It is now shown that bromination of p-naphthol leads to the 1-, 
1 : 6-, 1 : 3 : 6-, and 1:3:4: 6-bromo-derivatives.^® The formation 
of the last substance involves attack of position 4, which is m- to 
hydroxyl, but it is also o-p- to bromine, so that the result is not 
surprising. 


Reactions and Preparative Methods. 

Reduction . — Stereoisomeric c^/cZohexanetriols are obtained from 
each of the three trihydroxybenzenes by catalytic reduction in 
aqueous or alcoholic solution at 140° under pressure. The catalyst 
used is nickel. The usefulness of Rosenmund’s process for the 
preparation of aldehydes by catalytic reduction of acid chlorides 
is well illustrated by the preparation of gallaldehyde in quantity 
by way of its triacetate,^^ and the method has also been success- 
fully ai>plied to a number of chlorides of dibasic acids, for example, 
i6‘ophthalyl and terephthalyl chlorides.^^ The reduction of nitro- 
benzene in neutral media by means of hydrogen in presence of 

O. b. Brady, J. ]Sr. E. Day, and W. J. W. Bolt, 2^., 1922, 121, 626. 

J. Si-ofct and B. Bobinson, ibid., 844. 

FT, Pranzen and G. Stanble, J. pr. Chem., 1921, [iij, 103, 362; A., i, 450. 
tJ. B. Senderens and J. Abonleno, QompU rmd., 1922, 174, 616; A., i, 

337 

K. W. Bosenmnnd and E. Pfannkuch, Ben, 1922, 66, [B], 2357 ; A., i, 

1030. 

K, W. Bosenmund, F. Zetzsche^ and 0, F^ut^eh, iifyid.j 1921 , 64, [BJ^ 
2888; A., i, 39. 
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palladised animal charcoal at the ordinary temperature leads to the 
production of p-phenylhydroxjdamine in a yield of 80 per cent.^^ 
Ammonium sulphite has been recommended as a reducing agent 
applicable to the preparation of arylhydrazines, particularly those 
containing nitro-groups, from related diazonium salts. 

Nitration . — Quite a novel nitrating agent has been found in 
anhydrous pyridinium nitrate, applied in excess of 

pyridine. Naphthalene yields a-nitronaphthalene (40 cent.), 

and anthracene yields 9-nitroanthracene (70 per cent.), when 
treated in this manner. The nitration of quinol dibenzoate 
never yields a mononitro-derivative but instead 2 : 6-dinitroquinol 
dinitrobenzoate. When, however, 2-nitroquinol dibenzoate was 
obtained by another px'ocess, it was found to be impossible to intro- 
duce a second nitroxyl into the quinol nucleus. This interesting 
observation can only be explained by the abnormal reactivity of a 
molecule at the moment of its formation.^^ 

Halogenation . — very powerful chlorinating agent is produced 
in a mixture of sulphur monoohloride and suljihuryl chloride by the 
addition of anhydrous aluminium chloride and appears to be an 
aluminium sulphur chloride of the comj)osition, Al 2 S 2 C]g. In 
conjunction with sulphuryl chloride, this substance readily changes 
chlorobenzene into dichlorobenzenes, tetrachlorobenzcne, and 
hexachlorobenzene in successive stages.^^ An inve^stigation of the 
products formed by the chlorination of benzoyl chloride in ])reR<‘ncc5 
of anhydrous ferric chloride has shown that the percentages of the 
isomerides obtained are o- 14*5, m- 83*5, >p- 2*0, and details art* 
given of the preparation of pure m-chlorobcnzoic acid by this 
method.^'^ Important advances from the x^reparative 
view have also resulted from a research on the chlorination of thi^ 
three toluoyl chlorides at temperatures varying froxn 160 — ^240 
In this case, substitution naturally occurs in the methyl group and 
substances of the types 

and 

are obtained in good yield. The o-, m«, and p-<iP-dichIorotoluoyl 

K. Brand and J. Steiner, Ben, 1922, 55, [Bj, 875 ; A., i, 5S6. 

W. Davies, SP,, 1922, 121, 715. 

M. Battegay and Ph. Brandt, Bull, Soc, 1922, pvj, 81, 910; A., i, 

1001 . 

25 F. Kehrmann, M. Sandoas, and B. Monnier, OMm, Acta, 1921, 4, 

941; A., i, 33. 

O. Silberrad, iP., 1922, 121, 1015. 

E. Hop© and G. C. Biley, ibid,, 2510. 

2 B Davies and W. H. Perkin. iMd.^ 2202. 
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chlorides on digestion with milk of lime or chalk in an inert 
atmosphere yield the three phthalaldehydic acids in a pure con- 
dition, and this is the simplest method of preparation of these 
valuable substances. Somewhat unexpectedly it was found 
possible to hydrolyse the three <o-trichlorotoluoyl chlorides by care- 
ful treatment with formic acid and so to obtain the o-, m-, and 
jp-<t>-trichlorotoluic acids, CCl3*C6H4 *00211, which are relatively 
stable, crystalline substances. 

A Ikylation . — cycZoHexanol may be converted into a stereoisomeride 
of the known 2 -methyl cycZohexanol (obtained by catalytic reduction 
of o-cresol) by conversion into cycZoliexene, oxidation of the latter 
by means of perbenzoic acid in chloroform solution with production 
of the oxide^ and finally by the action of magnesium methyl iodide 
on this substance. 


CH-OH 

CH2 CH2 
CHg CHg 

CHo 


GH— O 


, VH 

CH2 CHa 


CH, 


CH-OH 

(pHg yHMe 
CHa CHg 


CH, 


Another ingenious alkylation process is illustrated by the prepar- 
ation of p-phenyl-aa-dimethylpi’opionic acid from p-phenylpropionic 
abid. This substance is first converted into a-hydrindone by 
Eapping’s method, and the ketone alkylated by means of sodamide 
and methyl iodide. The product is 2 ; 2 -dimethylindan-l-one (I) 
and this may be decomposed by sodamide with formation of the 
amide of the desired acid (II). 


(I.) 




\/\CO 




CMe, 


j^^CHa-OMea'CO-NHg j 


The jJX'ocess is rendex’ed more generally applicable to an acid 
KZ-CHg-COsH by the stages R'-CHo-OOCl, B'-CHa-COPh, 
R'-CRa-COPh, R'-CRa-CO-NHo.^^^ On heking ethylene chloro- 
hydrin with toluene-jp-sulphonyl chloride, p-chloroethyl toluene- 
p-sulphonate, C3H4Me-SO2*O*CH2’0H201, is obtained in a yield of 
more than 90 per cent. This ester is a valuable agent for the 
inti'oduction of the chloroethyl group into phenols and amines. 
The method is far more convenient and gives much better yields 
than those depending on the use of ethylene halides 

Condensations . — The use of sulphoacetic acid, prepared by 

2® M. Godchot and P. B4dos, Compt. rand.^ 1922, 174, 461 ; Jl.,, i, 334. 

3® A. Haller and B, Bauer, Ann. Chim., 1921, [ix], 16, 340; A., i, 268> 

3^ G. R. Clemo and W. H. Perkin, T., 1922, 121, 642. 
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mixing acetic anhydride and sulphuric acid, as a synthetical agent 
continues to give results of interest. Under specified conditions, 
guaiacol may be converted by this reagent into acctyli6*oaceto- 
vanillone whilst pyrogallol 1 : 3-dimethyl ether is acetylated 

in the nucleus even when it is heated with acetic anhydride and a 
few drops of sulphuric acid. In this case, the product is 3-acetoxy- 
2 : 4-dimethoxyacetophenone (IV).^^ 

OMe OMe 

(III 

COMe COMe 

It is generally believed that the mechanism of substitution in the 
aromatic series comprises two main stages ; an addition and then a 
fission of the additive product. The second reaction is, how(^v<u% 
usually so rapid that the initial phases of the i:>rocess arc dilhcult 
to recognise, although this is not invariably llie case. In the oletino 
series, the addition is more facile and the fission more difficult than 
in the aromatic series. Advantage has been taken of this circum- 
stance in connexion with some experiments on the mechanism of the 
rriedel-Crafts’ reaction. It has been shown that, under the influences 
of aluminium chloride, acetyl chloride unites with eyeZohexeno 
with the production of 2-chlorocycZohexyl methyl ketone (V), which 
is isolable and convertible by the further action of aluminium 
chloride in carbon disulphide solution into tctrahydroacctophcnono 


(VI).3^ 

CHg 

(JH 2 



,V 3 CHa CH-COMe 

CH^^-GOMe (VI.) 

CH. OHCl 

CHa CH 



OHa 

OH, 


The function of the aluminium chloride is identical in both 
stages and is considered to be concerned with the weakening of 
the link between carbon and chlorine. A peculiar application of 
the catalytic activity of aluminium chloride is the elimination of 
hydrogen from aromatic nuclei. This is always effected in presence 
of nitrobenzene, which exercises a specific influence. The best 
known examples are the syntheses of complex polynuclear compounds 
due to Scholl and his collaborators, for example\' that of pyranthrone 

»» W. Schneider and E. Kraft, Ben, X923, 65, [B], 1892; A., i, 760. 

K. Brand arid M, Colllschon, «/. pr. Ohem., 1921, [ii], lOS, 329; A*, i, 

452 . 

H. Wieland and X.. Bettag, B^n, 1922 , 56, [B], 2246; A., i, 10S3. 


j /NoUOMe 




,0-C0Me 

lOMc 


(IV.) 
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from dibenzoylpyrene by intramolecular condensation. The 
reaction is capricious in its vagaries, but has now been applied to 
certain simple compounds. Thus benzil yields phenanthraquinone 
(25 per cent.) and a-naphthyl ethyl ether yields 4 : 4'-diethoxy- 
1 : 1 '-dinaphthyl (70 per cent.).^^ Attempts have been made to 
replace the nitrobenzene by azobenzene, but this is not possible in 
most cases. Aminodiphenyl is obtained, however, in a yield of 
70 — 80 per cent, by the regulated action of aluminium chloride at 
60° on a mixture of benzene and azobenzene.^® The explanation 
advanced includes four stages, which are summed up in the equation 

PhNINPh + 2C6H6 = 2C6H^Ph*lSrH2. 

On account of the excellent yields and the relation of the products 
to naturally occurring compounds the synthesis of p-keto-bases 
from ketones, formaldehyde, and amine salts is noteworthy. A 
typical instance is afforded by the preparation of to-dimethyl- 
aminopropiophenone, obtained as its hydrochloride by heating 
together equivalent quantities of acetophenone, paraformaldehyde, 
and dimethylamine hydrochloride in concentrated alcoholic solution : 
COPhMe + CHaO + NHMe^ COPh-CH^'CHa-NMea.^^ 


Molecular Rearrangements. 

Admittedly the allocation of specific configurations to stereo - 
isomeric oximes rests on a slender foundation, and one of the 
sign-posts has, it now appears, been turned in the wrong direction. 
The unwarranted assumption that in the Beckmann change groups 
in a ci^-position are transposed has been proved to be erroneous by 
J. Meisenheimer.®® 3:4: d-TriphenyK^ooxazole (I) is oxidised by 
chromic acid, or by ozone, with formation of benzoyl- (3-benzil- 


monoxime (II). 

(I.) 


PhC CPh 

N-0*CPh 


PhC-COPh .JJ. 
N-OBz 


This independent and probably trustworthy determination of 
configuration involves the alteration of the formulae, at present 
accepted, of the dioximes of benzil; the a-dioxime is III and the 
p-modification is IV, no change being required in regard to the 


y-variety. 

(III.) 


PhC-CPh 
1 1 1 1 

Tin. NT -NT.nTT 




F*OH HO-N 


B. Scholl and G. Schwarzer, Ben, 1222, 55, [B], 324; A., i, 331; B. 
Scholl and C. Seer, ibid., 330 ; A., i, 336. 

B. Pummerer and J. Binaph, ibid.^ 1921, 54, [B], 2768 ; A., i,^'24. 

37 c. Mannich and G. Heilner, ibid., 1922, 55, [B], 356; A., i, 351; 
O- Mannich and D. hanmiering, ibid., 3510. 

33 Ibid., 1921, 54, Bh 3206; A., i, 162. 
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These corrections should be noted by writers of text-books and 
constitute an excellent example of the prudence of employing non- 
committal prefixes to distinguish stereoisomeridcs. The Beckmann 
transformation must now be represented as occurring in accordance 
with the scheme : 


HO C Pv ^ r-CO-NHE,'. 

N— Pv,' 


K- 


-K' 




( 

HO- 


1 1 




In continuance of earlier work, a comparative study has been 
made of the semibenzene ’’ hydrocarbons and their aromatic 
isomerides.®® The semibenzencs have the lower densities and the 
higher molecular refractions and dispersions. The simplest member 
of the series is 1 : l-dimethyl-4-methylene-A^-^-c//cZahexadiene (V), 
which passes very readily into ?/^-cumene (VI), with development of 
heat, when a drop of hydrochloric acid is added to its solution in 
acetic acid. 

Me 

(V.) Me2<^^^=CH2 Me<^\Mo (VI.) 


This transfer of the alkyl group to the adjacent carbon atom 
represents the normal occurrence, but instances of migration to 
the meta-position are not lacking. Thus the semibenzene VII is 
changed by warming with a mixture of acetic and Bulj)huric acids 
into pentamethylbenzene (IX). The possibility might be queried 
that this is a double migration through the intermediate stage VIII 
or a related hydrated compound. 


Me 

Me^~y=CH2 

(VII.) 


Mea 

CH2=<^ ^'Me 
Me 

(VIII.) 


Mo Me 

Me 

(IX.) 


In the transformation of methylaniline hydrc;chloride into 
p-toluidine hydrochloride the main factor is found to be the temper- 
ature employed, and the course of the change is but little affected 
by the addition of salts such as zinc chloride or aluminium chloride* 
At^ 310^^, there is notable production of dimathylaniline, and this 
tends to confirm the view that the migration is duo to succesBive 
reactions, the methylaniline hydrochloride decomposing into aniline 
and methyl chloride, which react with formation of the original 
substances (reversible), of dimethylaniline ' (reversible), and of 

K. von Auwors and IC. Ziegler, AnnaZm, 1021,' 425, 217; - A., i, 110. 
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p-toluidine (irreversible).^® A long paper ^ has been published by 
P. Jacobsen describing further developments of his exhaustive 
investigations of the isomeric changes of hydrazo- compounds. On 
the whole, the results resemble those with which we are already 
familiar, but the following points may be mentioned. If an oi'tho- 
position is free, di-p-substituted hydrazobenzenes yield o-semidines 
which, in case the substituents are different, have one of two 
formulae as indicated below : 





_NH2 _ 

/ ^R' 

RT 

■ _ ^2 

R^ \ 


R' 


In no instance were both possible o-semidines isolated. If the 
convention is adopted that the amino-group of the semidine occurs 
in the _p-position to that one of the two ^-substituents in the hydrazo- 
compound which has the greater directing power in the trans- 
formation, then, of all the groups examined, ethoxyl is the most 
powerful and methyl comes next in order. When R is acetoxyl, 
a ^-semidine is formed by displacement of the group; thus 4'- 
acetoxy-4-methylhydrazobenzene (X) yields the o-semidine (XI) 
and the p-semidine (XII), 


(X.) Me 



NH-Nh/ No-COMe 



Me<^ ^NH<^ ^NHa (XII.) 


This extrusion of oxygen, directly united to the aromatic nucleus, 
is a -very rare phenomenon. No example of the o-benzidine change 
was encountered in the benzene series, but its occurrence in the 
naphthalene group was confirmed. The following comparison 
is interesting ; 


/“ 


~\nh-nh<^' 

Me 


NH 


.<f ^NHAo, 


'^NHAc ■ 

_ _NHAc 

\nHAc — ^Me . 
Me Me NHa 

El. Beckmann and E. Correns, JBer., 1922, 56, [B], 852; A., i, 635. 
Annalen, 1922, 427, 142; A., i, 689. 
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In the second case figured, the ^-semidine is also formed but in 
very small relative amount. Migration of a benzoyl group is proved 
to occur in the course of the synthesis of benzoylmethylcnedioxy- 
benzoin by the action of an alcoholic solution of sodium ethoxide 
on a mixture of benzoylmandelonitrile and piperonal : 

CHPh(0Bz)-CN+CH0-C6H3:02CH2 COPh-CHCOBzO-CoHarO.CBr^- 

This confirms Lapworth’s theory that the production of benzoin 
in the usual manner depends fundamentally on the aldol-like 
condensation of benzaldehydc and inandelonitrile. 

Reactivity of Halogen Atoms in Carbon Coingmmds. 

The reactivity of halogen is of two main types which may coexist 
but are exhibited to an unequal degree in any one compound. Tlic 
atom is in some cases readily replaced by such groups as — OH, 
NHg, and in other instances it is essentially reducible and oxidising. 
The extreme hydrolysable type is represented by chlorine in the 
acid chlorides. This, it should be noted, is also reducible under the 
correct conditions, but the reaction is far from being as characteristic 
as that of replacement by hydroxyl. The reducible tyx^o is found 
in the hypochlorites, in substances containing the group — -NCI — ’ 
such as the iV-chlorosulphonamides, and in aa-dihalogenated p-di- 
ketoncs. In these cases replacement of the halogen by hydroxyl 
is still possible, but is often a very difficult operation. AdhcreniK 
of the various brands of polarity theories speak of the halogen as 
negative or positive and this is at least a useful classification of a 
wide range of phenomena. It is perhaps a little more accui*ate 
and certainly more non-committal to regard the atom to which 
the halogen is attached as positive and negative respectively. A 
very interesting series of observations has been made on the in- 
fluence of substituents in the benzene ring on the mobility of chlorine 
in the shortest side chain. The reaction measured was the 
hydrolysis of the various benzyl chlorides and the influence of the 
groups was found to be in the order: p-Me>o-Me>m-Me> H> 
:P-01 > o-Cl > m-01 > W-NO 2 > o-NOg > p-NOg. 

Now the groups Me, H, Cl, NO 2 represent a doHceiKling series in 
regard to the electropositive character of iho consliiuent atoms and 
the results show that, independent of the position of the substituont, 
the more electropositive is the molecule the quicker is the hydrolysis. 
This is an example of the general ^olar effect, the dirr^ction of which 
is explained by the consideration that the reaction is f uixdamentally, 
under the conditions employed, an attack on the molecule by 

H, Green© and R. Robinson, ST., 1922, IBl# 21 S2. 

S. O. X Olivier, Rec. trav, chim,^ 1922, 41 , 301 ; i, 646. 
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negative hydroxyl ions. In a similar investigation of the speed of 
synthesis of sulphoiies by the condensation of benzene with sub- 
stituted benzenesulphonyl chlorides, the series was expanded to : 
Me > H > I > Br > Cl > NOg. But on comparing the effect of position 
of the substituent on the reactivity, it will be seen that — OH3 
and Cl — exercise their greatest influence from the jp- and o-positions, 
whilst m-ISTOa-benzyl chloride is more reactive than its isomerides. 
This reversal in passing from groups which are negative on the basis 
of the theory of alternating polarity, to a group which, on the same 
grounds, must be considered positive is in agreement with the work 
of Lapworth and Shoesmith (see below) and the whole research 
throws some light on the relative importance to be attached to the 
general and alternate polar cflects. If the methoxy-compounds 
had been included in the series, there is little doubt that o- and 
especially ^^^-methoxybenzyl chloride would have proved the most 
reactive of the substances investigated. This is to be expected 
because there is strong evidence that methoxyl is conjugated with 
the nucleus, a circumstance which allows the alternate effect to 
overpower the general effect and throws such groups as methoxyl 
and amino out of their natural order. If the correlation of the 
two types of reactivity of halogen with polarity effects is well 
founded, then it must follow that positional influences which 
facilitate hydrolysis of alkyl or aryl halides will render reduction 
more difficult and vice versa. Again, the general effect must be 
eliminated by comparing isomerides only. Such a comparison has 
been made of the three methoxybenzyl bromides and the results 
are in excellent agreement with the theory The effect of the 
negative methoxyl group on the bromine atom is illustrated in the 
following expressions, in which the signs have a purely relative 
significance ; 


+ - 


MeO 








J-CHa-Br. 


MeO 




It will be seen that in the o- and ^-compounds the result is to 
enhance the natural polarity of the bromine, whereas the reverse 
is the case in m-methoxy benzyl bromide. Therefore o- and p- 
methoxybenzyl bromides should be more readily hydrolysed than 
the m-isomcride, and this was found to be the case to a very striking 
extent. Numerous examples of the high reactivity of bromine in a 
side chain p- to liiethoxyl were, however, already known and the 
second part of the prediction, that the w-methoxybenzyl bromide 

A. Lapworth and X B. Shoesmith, 3?., 1922, 121, 1391. 
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should be found to contain the more reducible halogen, is therefore 
all the moro valuable as a test of the hypothesis because it could 
not have been made by analogy with known reactions and without 
considerations based on induced polarities, Elxperiinenhs on the 
reduction of the methoxybenzyl bromides with hydrogen iodide 
showed that actually the m-derivative was the most readily attacked. 
This double verification of anticipated effects is not to bo neglected 
in assessing the value of the theory in connexion with tlic problems 
of reactivit 3 ^ and mechanism of reactions. Halogen atoms in the 
o- or 2 ^-positions with resjoect to a strongly ncgati\"c atom or group 
in the aromatic nucleus should evince positive l>o]ar c*haracter and 
this has already been shown by numerous investigators to be the 
case so far as reducibility is concerned. Additional evidencci is 
supplied by the behaviour of certain iodinated benztme derivatives.'^’’^ 
3-lodo-jp-toluidinc, ^-iodoanilinc, and 3-iodo-jp-hy<IroxylK‘nz<>ic 
acid are decomposed by boiling with 10 per <'.cmt. iiydrochtjrk*. acirl 
in such a way that the iodine is partly replaced by hydrogc^n and in 
compensation there is production of di- and tri-iodo-deiivativ<‘s. 
Aceto-3-bromo-p-toiiiididc behaves in a similar manned', 
substituting action in jDresciico of acids is typical of tht^ behaviour 
of positive halogen and is presumably due to elimination in the form 

4 * 

lial(OH), as the result of the union of the negative caibon atom, or 
other atom to which the halogen is attached, with a hydrogem ion. 
Home significant examples have been previously nniorded and 
perhaps the most interesting in the aromatic soiics is the formation of 
3-bromo-2-aminoanthraquinone either by heating l-bromo-2-amino- 
anthraquinone alone or a mixture of 2~amiuoanihraqtainonc with 
1 : 3-dibromo-2-aminoanthraquinone. The former reaction is the 
migration of bromine to a more stable i)osition in the moleeulo and 
may be compared with the well-known change of ethyl oc-bromo- 
acetoacetate into ethyl y-broinoacctoacetatcj whi<di occurs in 
presence of traces of hydrobronne acid.^® The simplest explanation^ ' 
takes cognisance of the highly positive character t>f llu^. !)rc>minc 
atom in the a-position, where it is under the infhu^ice of both the 
carbonyl and carbethoxyl groups, and involves tlxe stages : 

OHg-OO-CHBi-COaEt + HBr CH^-GO^OB.fQLX^Et + —> 

CH^Br-Co'cHyOO^Kt + ilBr. 

An alternative mcchanisin which has been suggested is the 
following : 

B. H. Hicolet, X Amen Ghem. Soc., 1921, 48, 2081 ; A„ i, 12b 

A. Hantzsch, .Ben, 1804, 27, 356, $168; M. Coarad, ibid., 1896, 20, 1042, 

A. Bap worth, Mem. Manchester Phil. Sac., 1020, 64, ii, B. 

Q. T- Morgan and H. H. K. Brow, T., 1922, 121, 928* 
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.C 02 Et 


o=o<8ik>o< 


OEt . 

OH 

COgEt 


This is untenable because in the similar rearrangement of 
ethyl a-bromomethylacetoacetate, CH3'00'0MeBr*0O2Et — >■ 
OHaBr-CO^CHMe^COgEt, the scheme involves transference of methyl 
as well as of bromine and the product should then have the con- 
stitution CHBrMe'CO'OHg'COaEt, which does not appear to be 
the case/® There is no very cogent reason for supposing that sub- 
stitutions by positive halogen must always depend on successive 
reactions and on the intervention of acids. Thus Wohl has shown 
that acetobromoamide is a useful brominating agent and he regards 
the reaction as occurring directly between the molecules concerned 
and involving the interchange of hydrogen and bromine/® On 
the other hand, an ingenious process of regulated chlorination by 
means of iV-chloroacetanilide and hydrochloric acid in small but 
definite concentration is based on a directly contrary assumption. 
The two views are not irreconcilable nor in any way contradictory 
and both are entertained by Orton in connexion vdth different 
migration phenomena. Thus the direct substitution is analogous to 
the transformation of phenylnitroamine into o-nitroaniline and the 
indirect to the conversion of the iV^-chloroacetanilides into the 
nuclear-substituted isomerides. In order to avoid the formation 
of hydrobromic acid in the course of bromination, it is now proposed 
to employ dibromodimethyldihydroresorcinol as a brominating 
agent. This substance is reduced with uncommon ease and even 
by the action of dilute aqueous sodium hydroxide. It reacts 
quantitatively mth dimethylaniline in the follo^nng sense : 


NMc 

0 


2 

+ Br^C 


CO-CH 

CO-CH 


NMco 

2>CMeo = I I 
^ 


Br 



As the enolic monobromo-derivative can be recovered and used 
again, the method may have practical value. Gupta and Thorpe 
do not adopt the view that the reactivity of the bromine exMbited 
in this reaction is duo to its positive polar character, but prefer the 
hypothesis that the bromine is mobile because it inhibits a tautomeric 
pi'ocess involving the keto-groups. There is a tendency to acquire 
M. Conrad and A. Kreichgauor, Ber., 1896, 29, 1042* 

Ibid., 1919, 62, [Bl 61. 

K. J. P. Orton and H. King, T., 1911, 99, 1186. 

«« B. M. Gupta and J. F* Thorpe, ibid., 1922, 121, 1896. 
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a hydrogen atom necessary for tautomerism, and earlier examples of 
the application of this theory will be recalled. In the Reporter’s 
opinion, both views are correct and are reconciled by the consider- 
ation that the system acquires its hydrogen atom by union of the 
latter with oxygen so that an enol is the first x^roduct. Thus the 
fundamental factor is the affinity of oxygen for hydrogen and few 
chemists will find it difficult to equate this with the negative 
electrochemical character of oxygen and the i>ositive character of 
hydrogen. The hydrogen is probably acquired as a proton which 
attaches itself to the free electrons of the oxygen octets ; the mole- 
cule thus becomes x>ositively charged and recovers neutrality by 
reversing the process, acquiring an electron (potassiobenzox^henone ?) 
or as an important alternative by ejecting some other atom in a 
positively charged condition. In keto-enol tautomerism catalysed 
by hydrogen ions, we have the stages : 


@ o=a 


-i- 


-H ± 5 : ©— o— C==:C--H--- ±;; H— O— C=0 © 


This may he compared mth the following scheme in which the 
atom liberated is Br +, that is to say, bromine in a form which 
could combine with a hydroxyl ion to form hypobromouH acid : 

@ 0=0— 0— Br — J- ©— O— C:=6--Br H— 0—0=0 Br 

II II It 

The tendency towards a more even distribution of valem^y is the 
driving force in the reaction and this is carried into effect by a 
process of conjugation, using that term in its wider meaning of 
re-distribution of affinity through a chain of atoms. On this 
interpretation it is seen that ‘‘ the tendency to acquire a hydrogen 
atom necessary for tautomerism ” is a phrase which accurately 
represents the phenomenon and is not at all inconsistent with the 
view that the bromine exhibits positive polarity. In any x>ariictilar 
case of double decomposition, the actual charges mentioned above 
need not be acquired, because the interchange of hydrogen and 
bromine will be synchronous. Probably too, both oxygen atoms 
in the diketone attract the hydrogen and this can easily bo 
represented with the aid of partial valencies. It should be 
emphasised that the alternate labelling of atoms in a chain with 
+ and — signs is never intended to indicate the mechanism of the 
effect, which, as in the example under discussion, is often the result 
of conjugation. Further interesting substitution reactions due to 
positive halogen have been encountered in a study of the action 
of nitrogen trichloride on aromatic hydrocarbons.®^ Toluene is 
a. H. Coleman and W. A. Koyas, J. Amen Chem, 1921, 48, 2211 ; 

A., b 188. 
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converted into benzyl chloride, monochlorotoluenes, and more 
highly chlorinated compounds. At the same time, some iV'-chloro- 
aminotoluene derivatives are formed. Bromotrinitromethane con- 
tains a highly positive bromine atom and in aqueous hydrobromic 
acid solution is able to change phenol into its tribromo-derivative.®^ 
Reduction by titanous salts and oxidation of hydrazine with 
formation of nitrogen have been applied as tests for positive halogen, 
and an extensive comparative study of the effect of constitution on 
the property has been made.®^ The results are in very good agree- 
ment with the theory of induced alternate polarities of atoms in a 
chain, although some few details connected with degree of reactivity 
are not yet satisfactorily explained. This is not surprising, and it 
should be stated that, on account of the complexity of the factors 
which control the speed of reactions, the polarity theory cannot be 
successfully used to interpret relative reaction velocities except in 
carefully chosen cases. The chief necessary precautions are the 
avoidance of cases where the general polar effect and steric con- 
siderations are likely to be of importance and it is also desirable 
that the mechanism of the reaction should be known to a first 
approximation. One of the anomalous observations noted above 
is that dichloroacetylacetone, COMe*CCi 2 *COMe, does not oxidise 
hydrazine under the specified conditions, whereas ethyl dichloro- 
malonate, GCl2(C02Et)2, readily does so. The explanation given is 
based on the larger number of key oxygen atoms in the latter 
substance, but this leads to inconsistencies, as pointed but by Gupta 
and Thorpe {loc. cit,), and indeed carbonyl is tmiversally regarded 
as a more activating group than carbethoxyl. 

Trijphenylmethyl and Related Subjects. 

The electrical conductivity of solutions of triarylmethyl bromides 
in sulphur dioxide or hydrocyanic acid is comparable w'ith that of 
aqueous solutions of potassium hydroxide and shows little variation 
among individuals. The molecular conductivities of the chlorides, 
however, are not so high and diphenyl- a-naphthylmethyl chloride 
is a better conductor than diphenyl- {3-naphthylmethyl chloride and 
tills again than triphenylmethyl chloride. The order is that of the 
ease of dissociation of the corresponding hexa-arylethanes into the 
free radicles and also of the conductivity of the free radicles them- 
selves. Diphenyl- p-naphthylmethyl is obtained in the usual 
manner and the hexa-arylmethane, a pale yellow, crystalline powder, 

X. Hondorson and A. K. Macbeth, X., 1922, 121, 892. 

Henderson and Macbeth, loc. cit.i B. L. Hirst and A. IC. Macbeth, 
X., 1922, 121, 904, 2169; H. Graham and A. K. Macbeth, ihid.^ 1109; A. K. 
Macbeth, 1116. 
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m. p. 135 — 140®, is found by the cryoscopic method to be dissociated 
from 15 to 50 per cent, in eight solvents ranging in freezing point 
from — 22® to + 80®. The changes in colour of solutions of this 
substance due to alterations in concentration and temperature are 
by no means parallel to the changes in extent of dissociation. This 
shows that the equilibrium system is more complex than has often 
been assumed. It is suggested that in addition to dissociation there 
is also tautomerisation of the benzenoid radicle into a quinonoid 
modification. It is perhaps well to note at this point that although 
to crystalline substances are now often given the names of the radicles 
produced in solution, the relation between the two states remains 
highly problematical. An interesting contribution to the subject 
is concerned with the preparation of pentai)henylethyL^'^ Sodium 
triphenylmethyl in ethereal solution is treated with benzoi>henone 
chloride, the containing vessel being filled with nitrogen. The 
products are pentaphenylethyl and triphenylmethyl and on con- 
centration of the filtered liquid the former scj)arates in coarse crystals 
and can be largely mechanically separated from the hexaphenyl- 
othane by swirling and decantation and completely by %vashing with 
ether. 

2Ph3CNa + OPhaClg == PhsC-CPh^ + PhgC + 2Na(JI. 

Pentaphenylethyl forms golden-yellow crystals with a metallic 

glance and is almost entirely unimolecular in solution. ''I''rix>henyl- 

! 1 

biphenylene- ethyl, Ph 3 C* 0 *C 3 H 4 -CeH 4 , is similarly i>rex)ared from 
sodium triphenylmethyl and fiuorenone chloride. It och'ui’h in 
large, violet prisms and is wholly miimolecular in solution. The 
course of the decomposition of i)henylazotriphenylmothan<^ and of 
substituted derivatives has been cxamiitcd with the objiHJt of 
determining whether free radicles are formed in the x>ruccss oi* noi.,^^^ 
Thus the production of tetraphenylmethane (Gomlx^rg) might 
proceed according to the alternative schemes : 

(A) Ph-N=N*OPh3 — > Ph* + N. d- ^OPlu 

Ph- + -CPh^ — > 0Ph4 

Plr-OPha 

(B) Ph-N=:N-CPh3 i i PlrOPha d N. 

N=N 

Actxmlly it was found that triphenylmethyl was productKl and 
could be recognised spectroscopically, by colour changes in hot 
and cold solution and by the formation of the peroxide. The 
phenyl radicle, presumably formed at the same time, combines with 

M. Gomberg and P. W. Sullivan, jun., J* A7mr. Chem. 1022, 44, 

1810; A., i, 920. 

K7 gcMenk and H. Mark, Bfr., 1022, 55, [-25], 2285, 2209; A., i, 1002. 

J£, Wieland, E. Popper, and H. Seefried, ibid,, 1810; A*, i, 772. 
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hydrogen, but the oxidised component thus necessitated has not 
yet been recognised. This proves beyond doubt that the azo- 
compound decomposes with formation of radicles, but it is not 
logically compulsory to proceed a further step and assume that the 
tetraphenylmethane formed owes its existence to the operation of 
scheme A rather than of scheme B. The application of the new 
method of preparation of triphenylmethyl to the radicles of the basic 
triphenylmethane dyes is of great interest. It was found, for 
instance, that phenylazobis-p-dimethylaminotriphenylmethane, 
NPhIN*CPh(C6H4*]SfMe2)2j yields on decomposition, benzene, nitro- 
gen, and bis-p-diniethylaminotriphcnylmebhyl, CPh(0gH4*lSJ’Me2)2, 
which is the radicle of malachite green. This unstable substance 
and tri-jp-dimebhylaminotriphenylmethyl, C(G6H4*NMe2)3, the radicle 
of crystal violet, are scarcely more coloured than triphenylmethyl 
itself. The observation is interpreted as supporting the quinonoid 
theory of the structure of the ions of the basic dyestuffs of the 
triphenylmethane group and it would certainly seem to exclude the 
Rosenstiehl formula, and Baeyer’s ionisable bond modification of 
this, in a more definite way than has previously been possible. 
From the point of view of rational classification at least, the papers 
which Hantzsch has published during the year bearing on the 
related subjects of the constitution of carbonium salts, halochrom- 
ism, and solvatochromism, and on the theory of triphenylmethane 
derivatives contain much that is of value even though, as more than 
one author claims, many of his suggestions have been anticipated. 
The lamentable position into which organic chemistry threatens to 
drift is that there will be as many theoretical systems as theorists, 
and it is matter for congratulation when several chemists inde- 
pendently arrive at somewhat similar conclusions. It would be 
impossible to give an adequate exposition of Hantzsch 's system in 
this place, but it may be well to refer to one matter. Only two types 
of triphenylmethane derivatives are recognised, the colourless non- 
conducting variety and the coloured conducting, true carbonium 
compounds in which carbon has normally the co-ordination number 
3 . Both typos are present in the equilibrated system : Br-OPh^ 
[CPh3]Br, which may be shifted to the right by the introduction of 
substances which readily form complex anions with the bromine. 
But, on the other hand, triphenylmethyl may also function as an 
anion in such substances as lsra[0Ph3], which are also coloured. 

This conception of triphenylmethyl as an amphoteric ion leads 
naturally to the suspicion that the coloured hexa-arylethanes are 
also complex compounds having the formula [AraOlCArgO], 

A. Hantzsch, Ben, 1921, 64, [B], 2673, 2613, 2620, 2627; 1922, 55, [B], 
963 ; A., 1 , 2 4 "2 6, 666. Oompar© also A., i, 331, 446* 

n* 
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Oarbinols containing phenylethinyl groups have been prepared 
and found to exhibit t3^ical halochromism.®® For example, 
triphenylethinylcarbinol, (CPhi^gC-OH, is obtained by the action 
of magnesium phenylethinyl bromide on phenylpropiolyl chloride. 
It gives a bluish- violet coloration with sulphuric acid, deep bluish- 
violet with perchloric acid, and bright blue with stannic chloride. 
The conclusion drawn is that the halochromy of triphenylcarbinols 
' is not to be associated with changes in the benzene rings, since the 
typical phenomena can be reproduced when “ gap linkings ” are 
introduced between the carbinol group and the nuclei. A number 
of distinct investigations published during the year bear on the 
same subject.®^ Diphenylphenylethinylcarbinol is converted by 
acetyl chloride, acetic anhydride, and the like and by hydrogen 
chloride in ethereal solution into phenyl a-phenylstyryl ketone : 
CPhJC-CPha'OH — >- OOPh-CHICPha- That the arrangement of 
carbon atoms remains undisturbed (wandering of phenyl was a 
possibility) was proved by carrying out the transformation : 
CPh;C-C(C6H4Cl)2*OH COPh-CH:C(C6H4Cl)2 and oxidising 

the product to pp'-diohlorobenzophonone. The puzzling feature of 
the reaction is that it occurs so readily in the absence of water. It 
may be mentioned here that the fate of over-oxidised leuco-bases of 
the triphenylmethane dyestuffs has been ascertained. The gradual 
treatment at the ordinary temperature of a moderately concentrated 
malachite-green solution, acidified with sulphuric acid, with lead 
peroxide until a diluted sample shows no green tinge, followed by 
filtration and addition of perchloric acid, precijutates orange 
needles of tetramethyldiphenoquinoneimonium iierchloratc, 

C104|nMc2=<^^^=;(^^^=NMc2}c104. 

The same perchlorate results from the oxidation of tedramethy]- 
benzidine or of Michler’s hydrol. 

Alicyclic Group. 

There is much overlapping of the subject matter of the sectionB 
of this report and numerous references to alicyclic compounds 
will be found elsewhere. A synthesis of 1 -methylcycibpropano-' 
1 -carboxylic acid (I) has been carried through the following 

K. Hess and W. Weltzien, Hen, 1921, 54 , [H], 2511 ; A,, i, 35. 

F. Straus and A. HUtzmann, J. pr. Chem.^ 1021, [ii], 1 ; A., i, 

148; K. Ziegler, Hen, 1921, 54 , [H], 3003; A., i, 151; B. Skraup and L, 
Fretmdlich, md., 1922, 55, [H], 1073; A., i, 539; K. H. Moyor an<l K. 
Schuster, ibid., 815; A,, i, 540. 

Ibid., 819; A., i, 556. 

F. Hehrmann, G. Roy, and (Miss) M, Ranim, Heiv. Chim. Ada, 1922, 
5,153; A., i, 467. 
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stages : Formaldehyde (2 mols.) and propaldehyde (1 mol.) are con- 
densedto dihydroxy-aa-dimethylpropaldehyde, CHO*CM6(CH2*OH)25 
which is converted into its oxime and then by the action of acetic 
anhydride into diacetoxypivalonitrile. The latter, by heating with 
saturated hydrobromic acid at 125 — 130 ° during twenty hours, yields 
dibromopivalic acid, CMe(CH2Br)2*C02H. Methyl dibromopivalate 
reacts with zinc dust in methyl alcoholic solution with formation of 
methyl l-methylc^/cZopropane-l-carboxylate. 

l^2>CMe*C02H 552 >CH-CH:CHa 

v.Jrlc> 011X2* ^ld.2 

( 1 .) “ (II.) (III.) 

The isomeric hydrocarbons vinylc^/cZopropane (II) and methylene- 
C2/cZobutane (III) have each been produced by the decomposition of 
suitable quaternary ammonium compounds.®^ Acetyl cycZopropane- 
CH 

oxime, i :^2^CH*CMe!NOH, is reduced to the amine, which 
0x12 

is fully methylated and the iodide converted to hydroxide. 
The distillation of this trimethyl- a- cycZopropylethylammonium 

hydroxide, 9 j^^^CH’OHMe-NMeg | OH, furnishes chiefly vinyl- 

c^clopro]pa,ne and very little of the tertiary base. Methylenec^/cZo- 
butane is similarly prepared in small yield from cycZobutylmethyl- 

trimethylammonium hydroxide, OH, 

which, however, gives on decomposition cycZobutylmethyldimethyl- 
amine as the main product. The action of hypochlorous acid on 
methylcncc^cZobutane gives rise to a chlorohydrin, 

CH2<gg2>C(OH)*CH2Cl or CH2 <oh2>cC1*CH2-OH, 

the former being indicated by analogies. This is converted into 
cycZopentanono when it is heated with litharge and water, whilst 
the action of aqueous potassium hydroxide produces an oxide, 

which may be isomerised to c^/cZobutane- 

0x12 

aldehyde, CH3<§^2>CH-CHO, by the action of zinc chloride.ee 

When campholenic acid (IV) is treated with an aqueous solution of 
calcium hydroxide and with silver oxide at 60 °, it is partly reduced 
t<j camphor and partly oxidised to a-ketocampholenic acid (V).^^ 

M. Kohii and A. Mondelewitsch, Ji^onatsh., 1921, 42, 227; A., i, 518. 

N. J. Dorajanov and (Miss) M. Dojarenko, Bcr., 1922, 55, [.B]» 2718, 
2727; A., i, 1014, 99fi. 

«® Ibid., 2730; A., i, 1009. 

if. T?. C. Chandrasena and C. K. Ingold, 2’., 1922, 181, 1552. 

113*2 
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CHIOMe 

I >0Me2 

CHa-CH-GHa-GOaH 

(IV.) 


OHIGMe 
:| >cmc2 

GHa-GH-GO-COaH 

(V.) 


CHg-CHMe 

I >GMe2 

CHo-CH^CHa-COoH 

(VL) ^ 


The yield of camphor obtained is stated to bo »smal]j but is not 
precisely specified, so that it is difficult to form an iadej)endent 
opinion as to the significance of this very striking observation. If 
the view put forward, that ^ra??5-dihydrocanipholenic acid (VI) is 
the intermediate stage, is correct, then we have another and a 
X3eculiar instance of the abnormal reactivity of a newly formed 
molecule, because both cis- and dihydrocam jjholcnic acids 

have been isolated by another investigator in their racemic forms 
and found to be perfectly stable substances. The condensation 
of chloral with methyl nialonate leads to the formation of methyl 
0:3: 3-&*c?/cZo-A^-octene~3 : 7 -dione-2 : 4 : 6 : 8 - teiraearboxylatc 
(VII), which can be converted by hydrolysis and reduction into the 
diketone (VIII), the glycol (IX), and finally into 0:3: 3-cZicycZo- 
octane (X).^^ 

p^^0(CO^Me)=:O”CH(C02Me)^p^ 

^^^0H(CO2Me)-CH-GH(CO2Mer 

(VII.) (VIII.) 


HO-CH< 


OHa-CH-CH 

OHa-CH-CH 


2>OH-OH 

z 


(IX.) 


CH2< 


GHa-Gli-GH 


‘‘'>GH3 

2 


(X.) 


Tautomerism. 


1 : 5-Dihy<iroxynaj>hthalenc reacts with sodium hydrogc^ii 
sulphite to produce a compound, OioHioOgB 2 Xa 2 , which, on boiling 
with water, loses one molecular x>i*oportion of sodium hydrogen 
sulphite and is changed to sodium 5-hydroxy- 1-kcdot ctrahydro- 
nax:)hthalene-3-sulphonate (I). 2 : 7-Dihydro xynaphthaleno be- 

haves somewhat differently and gives the comx)ound If, which is 
converted by dry ammonia at 100"^ into a corresi^onding amino- 
derivative (III). The latter on decomposition with water yields 
7-amino-2-naphthol.’^® 


(I.) HO.CeH3<0O-SK2 HO.GeH3<C'^T.*9(OH)-a03Na 

® ^^CHo-CH-SOoNa ® ®^GH=CH 


GH — CJEi 


«» P. Lipp, Ber., 1022, 65, [P], 1883 ; A., i, 73S. 

*’ G. Schroetor and G. Vossen, Annalen, 1922, 406, I ; .4., i, 122. 
’» W. Fuchs and W. Stix. Bur., 1022, 65, [BJ, 658; A., i, 461. 



OBGANIC CHEMISTBY. 


109 


The series of reactions throws light on the mechanism of Bucherer’s 
process for the conversion of naphthols into naphthyiamines, but 
it is surprising that it should also be claimed as a demonstration of 
the tautomerism of the dihydroxynaphthalenes. It has long been 
thought that the a-dii^etones may exist in a peroxide form, and 
WiUstatter’s discovery of colourless and coloured modifications of 
o-benzoquinone was interpreted in this way. Definite confirmation 
of the accuracy of the hypothesis is now provided by a careful 
investigation of the benzils."^^ Normally, these compounds are, of 
course, yellow, but in certain cases they have been found to be 
colourless or almost so. The first example was discovered by 
J. 0. Irvine in 1907 when he prepared the colourless 2 : 2'-dimethoxy- 
benzil.'^^ The coloured benzils react readily with o-phenylenedi- 
amine with formation of quinoxalines and are readily oxidised by 
hydrogen peroxide to two molecules of substituted benzoic acids. 
The observation has now been made that the colourless benzils 
exhibit neither of these reactions with facility. The colourless 
compounds often give pale yellow solutions, and this suggests the 
existence of an equilibrium : 

R-OO-OO-R R*9=C-R 

O — O 

Yellow* Colourless* 

It is in fact found that the reactivity of a benzil is roughly 
proportional to the intensity of colour of its solution. Finally, 
in 4 : 4'-dibenzyloxybenzil, OHaPh-O-CeH^-CO-CO-CsH^-O-CHaPh 
(IV), a substance has been discovered which can be isolated in 
bright yellow diketonic and colourless peroxidic forms. 

The latter is obtained by quickly cooling a concentrated ethereal 
solution of the substance. It crystallises in colourless needles 
which become yellow at 121® and melt indefinitely at 124®. This 
is the labile modification and if allowed to remain in contact with 
the solvent passes into solution, whilst yellow prisms of the more 
stable diketonic form, melting sharply at 126®, grow at its expense. 
The two substances are distinguished by their differing behaviour 
with reagents in the sense already indicated, so that this is a true 
case of tautomerism involving two chemical individuals which are 
in equilibrium in solution. Both yellow and colourless forms are 
unimolccular in solution and this is also true of benzils which exist 

A. SchCnberg and O. Kraemer, Ber*, 1922, 55, [^], 1174; A*, i, 663; 
A. SchOnberg and W. Bleyberg, ibid., 3753. 

T., 1907, 91 , 541. The substance first saw the light, which it refused 
to absorb, in the chemical laboratories of the University of Teipzig. The 
comment of Wislicenus, “ Das ist kein bemzil,^'* does not appear to have been 
far from the mark. 
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exolusirely in yellow or colourless modifications res|)ective]y. Thus 
2 : 2 -diethoxybenzil is unimolecular in its colourless solutions. The 
phenomenon is accordingly not at all analogous to the polymeris- 
ation of coloured nitroso-compounds to colourless dimerides. One 
consequence of this work and that of Willstatter is to dispose of the 
idea that the colour of the a-diketones and of the quinones is due 
to oscillations between diketonic and peroxidic forms. In solutions 
in which equilibrium is established the colour is of feeble intensity 
on account of the lower concentration of the coloured ixiodifieation. 
Another new type of tautonierism (ring-chain), which can be followed 
by a colour change due to the production of an a-dikctonic group, is 
exhibited by the remarkable compound having the constitution VT. 

CHg CH. 

,y 5 f^N/''\cMe-OHo-CO.H /N^^CMe-CH.-CO , 

CO CO 

Yellow, Colourless, 


The substance clearly fulfils the I'equircments of true tauiomcrism 
and can be converted into derivatives from the diketonic form (V) 
or from the lactonic form (VI). With o-phenylenediaminc, it 
yields a quinoxaline, and oxidises as a diketone when treated with 
hydrogen peroxide. On the other hand, acetylation produces tins 
acetyl derivative of the keto-laetone. The colourless solution in 
water becomes yellow on heating and colourless again, on cooling 
and it is important to notice that the same change occurs in neutral 
solvents, although more slowly.’^^ In alkaline solution thcTO is 
evidence of ring-chain tautoinerism of another kind, but this is 
best discussed in comiexion with a different example which has th(^ 
added interest that the occurrence of the i>hcnomenon was antici- 
pated as the result of theoretical considerations.*^^ 

The ordinary keto-enol isomeric change may be regarded as a 
reversible aldol-type condensation involving a carbonyl group and 
the methylene group, activated by itself, often, iiowcver, assisted 
in the latter function by other groups such as the carbothoxyl 
in ethyl acotoacetate. In suitably constituted substances, the 
carbonyl and methylene groups might be separated by a chain of 
atoms, and the object of the work now under discussion was to find 
such a esuse in which the separation is by one carbon atom. In 
other words, to realise the equilibrium : 


>a< 


CO 

OHg 



O. A. B. Kon, A- Stevenson, and J. F. Thorpe, T., I9S2, 121, 650. 
S. S. Deshapande and J. F* Thorpe, 1430. 
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The series chosen for investigation was that of the a-ketoglutaric 
acids, and earlier work had shown that a-keto-PP-dimethylglutaric 
acid exists in the open-chain form (VII), whilst the related cyclo- 
hexane derivative prefers the hydroxy-ring arrangement (VIII). 


(VII.) c.h,.>c<?^=)<=2»h (vm., 


'^CHg-COgH 


OHa-CO^H 


This was exj)lained in terms of a hypothesis relating to the 
effect of attached groups on the carbon tetrahedral angle. The 
two methyl groups in VII do not bring the methylene and carbonyl 
groups into sufficiently close proximity, whilst the effect of the 
c^/cZohexane ring in VIII is to cause them to approach so close to 
one another that the cycZopropane ring is readily formed and also 
stable. In order to realise tautomerism it was desirable to find 
substituting groups in the ^-positions which would have an effect 
greater than that of dimethyl and less than that of penta- 
methylene. Theoretically, this should be found in the ^em-diethyl 
group, and a-keto-(3(3-diethylglutaric acid (IX) was accordingly 
prepared by the action of very concentrated, hot aqueous potassium 
hydroxide on ethyl aa'-dibromo-pp-diethylglutarate (XI). The 
conditions can be so adjusted that either the acid (IX) or the 
hydroxy-ring acid (X) constitutes the main product, and the two 
substances can be separated by means of ether, which dissolves the 
former only. 


Et2C< 


CO-COaH 

CHa-COgH 




CH-COaH 


Et2C< 


CHBr-COgEt 

CHBr-COaEt 


(IX.) 


(X.) 


(XI.) 


These compounds are not themselves tautomerides, but a 
tautomeric equilibrium of their salts is set up in a concentrated 
solution of potassium hydroxide (64 per cent.). The equilibrium 
mixture reached from either side contains approximately 38 per 
cent, of the keto-form. The tendency of this series of researches is 
to show that tautomerism of the ring-chain type may be anticipated 
as the result of reversible intramolecular additions analogous to 
all known intermolecular reversible additive reactions capable of 
joining two chains. Stereochemical considerations, and those 
connected with reactivity in general, are introduced in order to 
arrive at suitable test cases. Just as the keto-enol change is the 
simplest example of the reversible addition of — CHg to — 0—0, 
so the glutaconic acid, three-carbon tautomerism is the simplest 
known case of reversible addition of — CHg — to — C— C. Now 
the best known reversible intermolecular reaction of the latter kind 
is the Michael condensation, and an exhaustive investigation has 
C. X. Ingold, E. A. Ferren, and J*. F. Thorpe, 1922, 12X, 
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brought to light several examples of ring-chain tautomcrisni in 
which the equilibrium set up is strictly analogous to that resulting 
when sodiomalonic ester is allowed to react with an ccp-uiisaturated 
ester. A summary of the whole of the work on this subject 
cannot even be attempted, but an isolated example may be 
mentioned. The action of piperidine on ethyl dicarboxygluta- 
conate (XII) leads to the formation of the esters XI li and XIV 
in successive stages, and the process is reversed by sodium ethoxide. 


(C02Et)2CH-CH:G(C02Et)2 


(C02Et)X-CH:C(C0oEt).3 

(C02Et)3CH-6H-CH(C(\Et)2 


(XII.) (XIII.) 

. (CO,Et),CH-CH-C(C02Et), 

V . ) (C02Et)2C— CH-CHCCO^Et )2 

The individuals XIII and XIV can be separated and isolated, tlie 
former being a liquid and the latter a solid, melting at 103"^. Tho 
two substances have, however, been shown to be in tautoimiric 
equilibrium in a solvent or at slightly higher than normal temper- 
atures so as to avoid the disturbance produced by crystallisation. 
The mixture contains about 80 per cent, of the cyclic ester (XIV) 
and the attainment of equilibrium is much facilitated by the addition 
of piperidine, although not absolutely dependent on this. Alt hough 
the isomeric changes involved arc far more sluggish than those 
with which we are familiar in the case of ethyl acctoacet-atcs, the 
claim is justified that tho term tautomerism is equally applicable^ to 
both examples. When ring-chain tautomerism involves the pro- 
duction of a bridge in a substance already cyclic, it is called intra- 
annular tautomerism and the distinction is not only convenient but 
also desirable from the point of view that what may be called the 
chemical potential of the groups involved need not foe so groat as in 
ring-chain tautomerism owing to the close space relationship of 
some of the constituent atoms of a ring. It has already been shown 
that the acid XV behaves in some of its redactions as if it had the 
formula XVI.'^^ 


(XV.) Me,C<gg^gH.GO,H (XVX.) 

An even more complete investigation of the dccarboxylated acid 
(XVII) has now been carried out with results which demonstrate 
the existence of the indicated equilibrium.'^^ The question of the 
formula to be assigned to the solid acid has not yet boon answered. 

a X. Ingold and E. A Perron, iP,, 1922, 121, 1582; C. K. IngoM and 
W. X PoweH, md., 1796. 

Quthsseit, Per., 1901, 34, 675; Guthzeit, Weiss, and Schafer, X pr^ Chm^^ 
1909, [ii], 80, 412. 

7* E. H. Parmer and 0. X. Ingold, P., 1920, 117, 1362. 

7» E. H- Parmer, O. K. Ingold, and J. P. Thorpe, 1922, 121, 128. 
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The following relations illustrate a part of the proof of the separate 
existence of the isomerides which is offered. 


(M 

O 

o 

0-0 o 

V 
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This again is a perfectly clear case in which the reaction involved 
is analogous to the Michael condensation, being an addition of 
— CII 2 — , a- to carbonyl, to an a^-unsaturated ketone. Analogies 
are not, however, so readily found for another case of intra-annular 
tautomerism which is now suspected to occur in the well-known 
substance, a-campholytic acid (XVIII). 


(XVm.) 


CMe2< 


CMe====:CH 

CH(C02H)^CH2 


CMe2< 


CMe CH^ 

C(C0.H)-CH2 


The discussion of the evidence, which is based on a study of the 
oxidation of the acid under various conditions, involves a closely 
reasoned and somewhat complex argument which does not lend 
itself to summarisation. The following are some of the jioints. 
Alkaline permanganate oxidises a-campholytic acid to tlie glycol 
XIX and the keto-dibasic acid XX and this is consistent with the 
double-bonded formula only. 




COMe OO 2 H 
CH(C02iI)*CH2 


(XX.) 


On the other hand, acidified chlorate and osmium tetroxide in the 
cold produces several products, among which are found the tau- 
tomeric substance often called Balbiano’s acid (XXI) and a 1 acton ic 
acid of the formula XXII. 


CMe2<g 


Me-COgH 

(0H)-C02H 


(XXL) 


CMe2< 


CHMe-COijH 

CO-OO^H 


.CHMe*0O 

CMco<^ 

(XXII.) 


The latter substance was compared with a si>ecimen synthcdically 
prepared. These and other results are regarded as proving that 
a-campholytic acid also exists in the bridged-ring form and that 
the substance exhibits intra-annular tautomerism. It is certainly 
difficult to imagine a different interpretation of the resultH, but the 
proof is not quite so conclusive as in some of the other new easels of 
tautomerism, because it depends wholly on the course of degrada- 
tions which might involve some obscure transformation. 


Ring Formation, 

The value of the theory connecting the angles betweem carbon- 
to-carbon valencies and the atomic volumes of the attached groups 
is confirmed in a general way by the correspondence between the 
anticipated order of sequence in a series of substances and the facts 
observed in relation to such properties as the ease of formation 
J. P. C. Chandrasena, C. K. Ingold, mxd J. F. Thorpe, T,, 1022, 121, 

1542* 
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of cyclic compounds. In tlie three compounds glutaric acid, 
P-methylglutaric acid, and pp-dimethylglutaric acid, the calculated 
angles are as indicated and it has been shown that the ease of 
formation of the ct/cZopropane ring, by connecting the carbon atoms 
in the a-positions, increases as this angle diminishes. 



CHg^COaH 

lu-a^ 

CH^-COaH 


MeCH<1 


CHa-COoH 

112-6P 

CHa’COaH 


/CHa-OOaH 

MeoCOiOsV 

^CHa'COaH 


The method adopted was similar to that used previously and 
consisted in estimating as far as possible all the products formed 
by the treatment of the esters of the a-bromo-acids with alkali 
under standard conditions. In the following table, taken from the 
original,®^ the new data are those for the p-methylglutaric acid 
series and it should be noted that the amount of cycZopropane acids 
quoted includes the products which can only have been derived by 
subsequent decomposition of these substances. 


Products. 

a-Hydroxyglutaric acids 

Glutaconic acids 

ci/cZo Propane acids 


Derivatives from 


glutaric acid 
per cent. 

16 

3 

47 

66 


j8-methyl- 
glutaric acid 
per cent. 

8 

9 

64 

81 


s. 

j8;8-dimetliyl- 
glutaric acid 
per cent. 

4 

0 

84 

88 


These results are in excellent agreement with the theory and it 
should be remarked that non-steric effects are to a large extent 
eliminated by the method chosen, which is to compare the extent 
of ring formation with the extent of occurrence of a side reaction, 
in this case hydroxylation. It is a reasonable assumption that 
changes in the reactivity of the bromine would be approximately 
equally effective in stimulating and retarding both reactions. Such 
results are not related, however, to the precise angles quoted in any 
way except by the placing of a scries in a certain order. Com- 


pounds of the type have been prepared 


in 


order to compare the effects of the substituents on the 

stability of the c^/cZopropane ring.®^ Previous work had shown that 
when R and R' are methyl, the hydrolysis of the complex gives an 
open-chain hydroxy-acid (lactone), whilst, under similar conditions, 
the three-carbon ring remains intact when GRR' is c^cZohexylene. 
But this characteristic stability is destroyed by the substitution of 
a methyl group in positions 3 or 4 in the cycZohexane ring ; a very 


C. K. Ingold, T,, 1922, 121, 2676. 

S. F, Birch and J. F. Thorpe, ihid., 1821. 
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remarkable result which would seem to imply a steric effect at a 
distance, possibly having some connexion with the varieties of 
budding, of which the eyeZohexane ring aj)pears to be capable. In 
relation to this subject it may be noted that cis- and trmis-cyclo- 
hexane-1 : 2-dicarboxylic acids both form inner anhydrides, of 
which the former is the more stable and is produced from the 
Zmn5-anhydride on heating.®^ 

It has frequently been observed that ease of formation and 
stability of cyclic systems are not necessarily parallel and the cyclo- 
butane series furnishes some of the best examples. Thus cycle- 
butanone, hitherto a very inaccessible compound, may be obtained 
in a yield of i5 per cent, by the pyi'ogenio decomposition of 1- 
hydroxycycZobutane-l -carboxylic acid and is consequently a very 
stable substance.®^ 

CH2<gg2>C(0H)-C02H CH2<gg2>co + CO + HgO. 

In contrast, eyeZobutanone derivatives can only be prei>ared by 
the aid of the Dieckmann reaction in exceptionally favoui'able 
cases and then only in very poor yields. Ethyl c?/cZohcxane-l : 1- 
diacetate (I) reacts with potassium in xylene solution with formation 
of a mixture of products from which oycZohexane«9^;/roc//cZobutanone 
(II) and cycZohexane.s^irocycZopentanc-3 : 4-dicne (111) can be 
isolated.®^ 


(I.) " (11.) 


-'CH.-COoEt 






GH2<' 


OHa-CHg 

GH»-CH, 


>0< 


OHg 

0H» 


30 


(HI.) 


The CT/eJobutanone derivative is a stable saturated ketone, ■which 
is unfortunately obtained in a yield amounting to little more than 
1 per cent. Its formation is an indication that the Dieckmann 
reaction occurs, but does not prove this, as the ketone might have 
been derived from III by a degradation similar to that -which 
phenanthraquinone suffers in its change to fluoronono. The 
suggested mechanism of formation of the diketono III is the follow- 
ing : 


j><^CH2-C02Et R — CH-OOaEt ..^CHa'OO'OEt ^^CHg-CO 

^CHa’COaEt CHa-CO ^ ^OHa'CO 

•• A. Windaus and W. HQckoI, Nachr. Oea. Wias. Gdttingen, Math, physic, 
Klasae, 1920, U, ii, 181; A., i, 058. 

s* W. J. Domjanov and (Miss) M. Dojaronko, Ber., 1982, 65, [J5], 2737; 
A., i, 1161. 

«' G. A. B, Kon, r„S1922, 121, 520. 
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It seems simpler to regard it as a pinacol-like reduction 

of the carbethoxyl groups thus : — C02Et + K — >• C(OK)*OEt ; 

20(OK)*OEt — > — CO*CO — + 2KOEt. The dilcetone may then be 

reduced to a keto-alcohol> and this view is supported by the fact 
that ethyl diethoxyacetate reacts with potassium with formation 
of the ketonic alcohol, (EtO) 2 CH-CO-CH(OH)-CH(OEt) 2 .®® 

A systematic investigation of the application of the Dieckmann 
reaction to the preparation of benzoketopolymethylenes has been 
commenced by a study of one of the more favourable cases. The 
action of sodium at 100^ on a toluene solution of ethyl o-phenyl- 
enediacetate (IV) causes the separation of the sodium derivative 
of ethyl 2-hydrindone-l-carboxylate (V) in a yield of 90 per cent, 
of that theoretically possible. 

CH^ 

^00 (V.) 

CH-COgEt 

Natural Products. 

The terpene present in the essential oil from Andro^pogon 
Jwarancusa, Jones, appears to be A^-carene (I). This conclusion 
is based on the following facts.®® The hydrocarbon is dicyclic, 
as it forms a dibromide and a monohydrochJ.oride in ethereal 
solution. In acetic acid solution, it forms a dihydrochloride, 
identified as dipentene diliydrochloride, and in addition an oily di- 
hydrochloride, probably that of sylvestrene, because the regenerated 
terpene gives the highly specific reaction with acetic anhydride and 
sulphuric acid. This indicates very clearly a hydrocarbon of the 
earene group. In contradistinction from the A®-carene (II), 
which has been proved to occur in the oil of Finns longifolia^^^ the 
molecular refraction showed considerable exaltation, which is in 
agreement with the suggested formula. 

Me Me Me 

6 6 6o 

CHa CH CH CHa CHg COgH 

OH. CH CHo CH CHg CH 

\y\ \/i \y\ 

CH-OMea OH-CMea CH-CMea 

(I.) (II.) (HI.) 

«« 'a. Wohl and B. Mylo, Ben, 1912, 45. 322. 

W. H. Berkin and A. F. Titley, T., 1922. 121, 1562. 

J. li. Simonaen, ibid,, 2292. 

•> Ibid., 1920, 117, 670. 


"CHo-COaEt 

,OH“-COpEt 



118 AKNUAL KBPOBTS 03Sr THE PBOGBBSS OP CHEMISTBT, 


The results of permanganate oxidation are consistent with the 
carene structure, since the main product is an optically active 
acid isomeric with pinonic acid. It probably has the constitution 
III and is changed by hypobromite into bromoform and an isomeridc 
of pinic acid. The ease with which the ring may be opened is an 
argument in favour of the c^^cZopropano formula. It is remarkable 
that two members of the carene group, which had not previously 
been found to occur in nature, should have been isolated by one 
investigator during such a short period of time. A substantial 
accretion to our knowledge of the sesquiterpenes has resulted from 
an investigation of the nature of the aromatic compounds which 
are produced from them by heating with sulphur.®® Dehydro- 
genation in this way converts cadinene, tetrahydrocadinene, 
calamenol, calamene, calamenene, zingiberene, 26-ozingiberene, and 
the sesquiterpene from Javanese citronella oil into one and the same 
hydrocarbon, Ci 5 H 3 f 3 , termed cadaiene. This is clearly a naphtha- 
lene derivative and on the assumption that the relation of the oi>en- 
chain alcohol, farnesol, to cadinene is analogous to that of a typical 
olefine terpene alcohol of the Cio-gi*oup to a jp-cymenoid terpcmc, 
the guess was made that cadaiene should bo 1 : 6-dimethyl-4-i«so- 
propylnaphthalene (IV). A synthesis of the latter hydrocarbon 
was carried out and the substance was found to be idenik^al with 
cadaiene. The later stages are indicated below : 



Very valuable information regarding the carbon skeleton of some 
sesquiterpenes is thus obtained, but the reservation is made that^ 
since zingiberene is monocyclic it is evident that the naphthalene 
ring is to be regarded as only potentially present in the molecuk^ 
When eudesmol and selinene arc heated with sulphur, a hydro- 
carbon, C5 i 4H3^4, called eudalene, is produced. This also is a naplitha- 
lene derivative and its production is supposed to be due to tins 
occurrence in the parent molecule of a methyl group which cannot 

E, Kmicka, J. Moyer, and M. Mingazinni, €him» Jlcfla, 1922, 

346; 660; E. Ruzioka and O. E. Boidel, 369; 662; I,. Rtizicka 

and M. Mingazzini, 710; A., i, 1001. 
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survive the transition into an aromatic compound. A similar case 
is the production of retene from abietic acid. Cadalene (IV) on 
oxidation with chromic acid yields a naphthoic acid, C 15 H 10 O 2 , 
which must have the constitution V because it can be converted to 
a methyh^opropylnaphthalene (VI) which is not identical with the 
synthesised l-methyl-4-^5opropylnaphthalene (VII). 



Pr^ 



(VI.) 


Me 



Pr^ 


(VII.) 


Neither VI nor VII is identical with eudalene, which is therefore 
not an a^pocadalene as was at first supposed. Ruzicka and his 
collaborators have also attacked the problem of the constitution 
of abietic acid, but the discussion of the results as well as of those 
of Windaus and his co-workers on cholesterol, the bile-acids, and 
allied subjects must be deferred. It is not too optimistic to hope 
that a little more information will enable the final elucidation of 
these problems to be chronicled. 

The main constituent of Japanese lac is a mixture, called urushiol, 
containing 10 per cent, of hydrourushiol, into which all the other 
constituents are converted by reduction. Hydrourushiol has already 
been shown to be 2 : 3-dihydroxy-n-pentadecylbenzene (VIII). 

OH OH 

(VIII.) f^NoH (IX.) 


The products of the action of ozone on urushiol diacetate and di- 
methyl ether are such as can be explained by the supposition that 
urushiol contains the compounds 

|C6H3(oh)2-[CH2],-ch:ch-[CH2]5-ch3 
andCeH 3 ( 0 H) 2 *[CH 2 ] 7 *CH:CH-[CH 2 ] 4 -CH:CH 2 .»i The main consti- 
tuent of Indo-Chinese lac called laccol has the constitution 
Its dimethyl ether yields a mono-oZonide which is decomposed 
by boilmg water with formation of heptaldehyde, nonane-o>tt>'- 
dicarboxylic acid, and an aldehyde of the composition 
CeH 3 (OMe) 2 "[OH 2 ] 9 *OHO. The simultaneous formation of acet- 
aldehyde and formic acid as well as of more complex fatty-aromatic 
aldehydes indicates the occurrence of constituents of laccol other 
than IX, but these are probably all closely related. Hydrolaccol 
dimethyl ether forms a mononitro- and a dinitro-derivative and the 
latter fact suffices to prove that the substance cannot be a 4-sub- 


91 B. Majima, Ber,, 1922, 66, [J?], 172; A,, i, 262. 
Ibid., 191 ; A., i, 263. 
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stituted verairole. Tlie outcoiuo of tlie attempt to diniirate 
4-alkylveratroles is invariably to produce 4 : 5-dinitroveratrolo as 
the result of displacement. 

Burmese lac contains thitgiol’’ reducible to hydrotlutsiol, which 
is shown to be 4 - 7 i-heptadecylcatcchol (X) by direct synthesis. 
Margaric acid is condensed with catechol in presence of stannic 
chloride, and the 3 : 4-dihydroxy|)honyl hoptadecyl Ivchnuc is them 
reduced by moans of amalgamated zinc and hydrochloric acid 
(Clemni ensen ) . 

(X) Ho/Y[CH,]i 6-OH3 ^xi.) 


Hydrothitsiol dimethyl ether forms only a mononit ro-d(;rivativc 

(XI) . Urushiol is accordingly but one incmher of a considc*rab]e 
group of related substances, derivatives of catechol sxt])siiiixtcd in 
both 3- and 4-positions by saturated and unsaiuraied noi*mal 
chains identical with those which occur in the higher fatty acids. 
The novelty and interest of this work need not bt) cnii>hasised- 

Hyssop plants attacked by fungi contain a rhamno-glucosidc, 
hyssopin, CsoHggOgQjSHgO, which yields hyssopinglycone, OiqIIx^Oq, 
on hydi‘olysis.^^ The latter a]>pears to be an analogue of butenn 

(XII) , which is x>roduced by the action of alkali on buiin, a con- 
stituent of BiUea frondosa,^ Hyssopinglycone, an ochre-yellow, 
ciystalline siibstaneo, is hydrolysed by hot 33 ])(‘r cemt. a(pu*ous 
potassium hydroxide with foxanation of phloroglucinol and accio- 
piperone (XIII). 

It should therefore have the formula XIV, (‘.specially siiua* 
butein, when similarly treateal, gives rcsaeetx>ph(aK>n<% but the 
constitution actually advanced is XV, in w4ikih tla^ aromatic groups 
are transposed. 

() 


(Xn.) 


H0/\0H 






CO-GH:CHi 


YoH ch.-od/N/'Y, 


iOH 




(UP, {XI H.) 


(> 



(XIV.) 


o 



(XF.) 


O. A. Oesterle, Schweiz. Apoth. Ztg.^ 1921, 548; A., i, 849; ibid.^ 

1922, BO, 441; Ohem. Zentn, 1922, iii, 1300. It haa oidy been possible to 
consult the abstracts. 

A. G. Perkin and J. J. Hummel, T., 1904, 85, 1450. 
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Chrysophanic acid lias been synthesised and thus definitely 
proved to be 1 : 8-dihydroxy-3-niethylanthraquinone (XVI).®® 

OH OH 

II I livyr 

The details of the method employed follow normal lines, the starting 
points being a-nitrophthalic anhydride and m-cresol. At the same 
time the constitutions of rhein and aloemodin are finally decided, 
since these two substances and chrysophanio acid are known to 
differ only in the side chain, which is — GO 2 H, — CHg'OH, and 
— CH 35 respectively. 


Polycyclic Groups, 

As usual, a great amount of systematic work in the naphthalene 
and anthracene series has been published during the past year, and 
the new availability of tetrahydronaphthalene has naturally been 
exploited to the full. In view, however, of the existence of Reports 
on the Progress of Technological Chemistry, the discussion of these 
subjects may be confined to the remark, in no way deprecatory, 
that the literature has been enriched by the description of vast 
numbers of new compounds. 

In view of the importance of boric acid in the chemistry of 
anthracene derivatives, the isolation of definite boric compounds in 
the anthraquinone group is of interest. 1-Hydroxyanthraquinone 
is transformed by the action of a solution of boric acid in 
acetic anhydride into l-hydi*oxyanthraquinonyl boroacetate, 
Ci 4 H 702 * 0 *B(OAc) 2 , which loses a molecule of acetic anhydride on 
healing in a vacuum, yielding the metaborate, but 

2 -hydroxyanthraquinone does not behave in a parallel manner. 
Tills is but one instance of a characteristic difference in behaviour 
of hydroxyl groups in the a- and p-positions in the anthraquinone 
nucleus and it is clearly a question of some kind of association, in 
the former case, of the hydroxyl with the neighbouring carbonyl. 
Thci stability of the boroacetate already mentioned can, for example, 
bo roughly rcjiroscnted by formula I. This is confirmed by the 
facts that 1 : 5-diliydjL"oxyanthraquinone reacts with two molecules 
of boi*oacetic anhydride, the 1 : 8 -isomeride with one only, and 
1:4: 5-trihydroxyanthraquinone suffers boroacetylation of two 
hydroxyls and acetylation of the third. The difficulty experienced 
in acctylating 1 -hydroxyanthraquinones is also ascribed to a mutual 
partial valency saturation of the hydroxyl and carbonyl groups and 
this theory serves to explain why chrysazin is more readily mono- 

H. Eder and 0, Widmer, Hdv. Chim, Acta^ 1922, 5, 3; A., i, 260. 

O. Dimroth and T. Faust, jBer., 1921, M, [P], 3020; A., i, 15^, 
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acetylated than anthrarufin. The carbonyl group is supposed to 
be unable to neutralise more than one of the hydroxyls in the 
a-position. Relations between the quinone oxygen and auxochromes 
in the a-position have also been postulated in order to account for 
the tinctorial and dyeing properties of members of the anthra- 
quinone group and it is worthy of note that the more useful dyestuffs 
belong to the 1 : 4- or 1 : 5-series, in which both carbonyls can so 
function. In addition, the plan of increasing the number of auxo- 
chromes in anthraquinone dyestuff -ty];>es seldom produces the 
desirable results which may have been anticipated. In the 
chiorate-all5:ali fusion of benzanthrone, w^hich converts this substaiK^e 
into 2-hydroxybenzanthrone (II) it has been found that the yield 
becomes almost quantitative when anthraquinone is added to the 
mixture.^"^ The constitution of the substance, which may also bo 
obtained by the action of glycerol and sulphuric acid on 2-hydroxy- 
anthranol, has been proved by the identification of the product of 
oxidation of its methyl ether with 2-methoxyanthraquinone-l- 
carboxylic acid (III).^® 



Reduction of anthraquinone to anthranol is readily effected by 
heating with dextrose and alkali solution under pressure,^ but 
when the reaction was applied to 2-hydroxyantlu*aqumone the 
main product was the acid IV. This readily foruis a Iaci<>tx<’! and 
its methyl ether yields III and other substanccB on oxiilation. It 
is possible to replace the dextrose used by other carbohydrates, and 
even by glycerol, which must clearly undergo condensation befox^e 
it can supply the necessary chain of four carbon atoms. ^ 



A. G. Perkin and G. D. Spencer, iT., 1022, 121, 474, 
A. G* Perkin, md., 1020, 117> 608. 

»» Idmn.^ Brit. Pat. 151707, 1920. 

i G. G. Bradshaw and A. G. Perkin, T., 1022, 121, 011. 
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A direct synthesis of pyrene from naphthalene has been carried 
out and the stages are as indicated in the following scheme. The 
starting point is obtained by the condensation of naphthalene and 
malonyl bromide in presence of aluminium chloride, and the sub- 
stance VT by an analogous method applied to V.^ 



6o 6o 


\y' 

CH, 


HI+P 


followed by 
Cu at 500^. 



CHa 


CO CO 



CH2 


Distillation 

> 

over zmc 



Miscellaneous. 

BenzaldeTiyde- copper. — ^Nickel, iron, and aluminium have no 
action on benzaldehyde, but lead and magnesium dissolve to a 
yellowish-brown solution, zinc to a greenish-brown, silver to a 
brownish-black, cobalt to a brown, and copper to a green solution. 
In the case of copper, the substance formed is a green additive 
product, (Ph*CHO) 2 Cu, which can be crystallised from toluene. 
It is remarkably stable, being unattacked by dilute hydrochloric 
acid or alkalis, but is oxidised to benzoic acid by dilute nitric acid. 
The constitution of the compound is not yet clear, the obvious possi- 
bility that it is co|)per hydrobenzoin being difficult to reconcile with 
the stability to acid.^ 

EnoUsation of Acids . — The acetal of phenylketen can be prepared 
by careful distillation of the ortho -ester of phenylacetic acid with 
phosphoric acid in a vacuum : ^ 

GH2Ph-C(OEt)3 — >* CHPh:C(OEt)2. + + H^O. 

Compared with keten, it is quite stable, but is attacked by water 
with formation of ethyl phenylacetate and by bromine with form- 
ation of ethyl phenylbromoacetate. The metallic derivatives of 


® K. Fleischer and B. Betze, Ber., 1922, 55, [B], 3280; A., i, 1138. 

* A. Xi. Bernoiilli and F. Schaaf, Helv, CMm. Acta, 1922, 5, 721 ; A., i, 1029. 

* BL Standinger and G. Bathsam, ibid., 64.5; A,, i, 1014. 
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carboxylic e>sters such as maloiiic ester arc in all probability analog- 
ously constituted and contain the group IC(OEt)-OM. This hypo- 
thesis is supported by the behaviour of the ]".ol a ssio- derivative--; (»f 
diphenylacetic acid and its ester, since theses arc highly unsaturated 
substances.^ Potassamide reacts with eth 3 d diphcnylaoetatc in 
liquid ammonia to form an additive product which, on heating in 
a vacuum at 100 — 120"^, loses amimmia, jdelding potassoxycthoxy- 
diphenylketen, CPh2!G(0Et)*01v. This salt is spontaneously 
oxidised by oxygen and on treatment with methyl iodide gives ethyl 
aa-diphenylproi>ionatc, CPhoMc-COgEt. It reacts with dix^henyl- 
keten to form tetraphen^dacetone and tetraj)henylallene and although 
the production of the latter is said to be difficult to exi>]ain, it ax)]iears 
to fall into line vith the usual scheiiies of addition and division ; 

Ph2G:C(OEt)-OK PhX— G(OEt)-OK_. Ph.C .... p. 

PhaC:o:o PhoCic— o PhaOrc"*" " 

The reaction affords further j^roof, if that were necessary, of the 
constitution assigned to the j)otassiiim derivative. Wluui potassium 
diphenylacetate is treated with i>otassamide in lujuid ammonia 
solution, it yields an amorphous, yellow precipitate of the ctomposi- 
tion and formula, CPh 2 lC(OK) 2 . This substance is at oxidised 
by oxygen with x^roduction of an explosive peroxidi% but <umfful 
treatment in toluene solution with air gives a inojue\i<{(^ 

having the slriu^r ure, because aqiu^ous acids or 

alkalis change it into benzilic acid. Alkylation of thc^ dipotassoxy- 
coinpound with methyl iodide r/a-diphenyl- 

propionate, whilst the aedion of uufilijd Hulx>hat<‘ re^^ults in the 
formation of the corresponding uufi.hyl <\ster. These exx>erinu‘nts 
provide further evidence that the nudallic derivativ<\s of the enolised 
forms of esters are directly alkylated on the carbon. Possibly the; 
most satisfactory iex>resentation of sodio-compounds of th© familiar 
type is as comx>lex comi>ounds, for <^xamx^^^'> [CN’-CH^COgEtjNii, in 
which formula the bonds merely rei>resent the mode of linking of 
atoms and have no im]>licationB in regard to the distribution of 
affinity. The x>roblcm of relative ease of enf)lisation of acids and 
their dorivatives can also be attacked by stereochemical methods, 
an-d the racemisation of ox>tically acid amides has bium studied from 
this point of view.^ Of the substances examined, d-tartamide, 

GH2plrCH(OH)*GO"NH2, Z-p- 
hydroxy-P-x>ii<^^y^PTOpionamidc, HO’CHPlrCHg^GO^JM d-mono- 

^ H. Staiidmgor and F. Moyer, J&elv, ChitrL Acta^ 1922, S, 6I>0; i, 1015, 

« A, MeKonzio and (Misn) I. A. Bmith, T,, 1922, Igl, 1348, 
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etiioxysuccinamide, and Z-atrolactinamide, HO'CPliMe-CO-NHg, 
were not racemised in cold alcoholic solution in presence of small 
quantities of potassium hydroxide. On the other hand, cZ-dimeth- 
oxysuccin amide, Z-monomethoxysuccinamide, and Z-mandelo- 
ethylamide were slowly racemised in similar circumstances, and 
Z-man delamide, Z-phenylmethoxyacetamide , and Z-phenyl-p- tolyl- 
acetamide exhibited the phenomenon with increasing facility in the 
order named. 

The latter observation is explained by the increased mobility of 
the hydrogen atom in the a-position which is the result of the high 
valency demands of the alkyloxy and aryl groups as illustrated in 
the expression : 

/R 

Ph 

C7H7>C>^C0-NH2‘ 

There has been miicli activity during the year in connexion with 
aryl derivatives of bo!‘<)n, phosphorus, arsenic, chromium, bismuth, 
lead, thallium, and t.)ther elements, but it has not been found 
possible to include a section dealing with the results, which are 
nevertheless of very considerable interest. 

P. P;OBINSO]Sr. 


Pabt III. — HETEBOoYcnio Division, 

Thebe are no outstanding features to -which j)articular attention 
may be directed in this Report. Rather the year has been one 
of quiet progress and consolidation of previous work, involving 
in several directions a revision of earlier conclusions, 

Ming Formation and Stability. 

Some years ago, it was suggested ^ that the j>oints of attach- 
ment to a carbon atom of two groups, Imown to exert steric 
hindrance, are normally, in virtue of their large molecular volume, 
further apart than would bo indicated by the regular tetrahedral 
distribution. The view has since been developed ^ that, in general, 
each atom attached to a carbon atom occupies a spherical domain, 

1 J. Konner, T., 1914, 105, 2688. 

3 C. K. Ingold, 1921, 119, 305. 
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the cubic content of which is proportional to its atomic volume. 
By calculation on this basis, the following values wore deduced 
for the angle, 28, subtended by two carbon atoms attached to a 
central carbon atom, carrying two other groups, RIV : 


HR'. 



Me,Me. 

Et,Et. 


(CH,)3 

25 

I15'3‘" 

112*5° 

109*5° 

107° 

116*9° 

113-0° 

ly 

11*2 

2*28 

0*551 

0*146 

3 3*S 

2*63 


The last two values are for a j^air of carbon atoms aita(;luHl to 
a ryeZopropane and to a cyc/obutane ring, res])ectively, aiid ai^-; 
derived on the assumx^tion that the x>osition of these is sucli as 
to trisect the vsolid angle round central carbon atom and 

external to the ring/*^ This would secun to he a logical extcuisioii 
of Werner’s view as to the cause of the regular tetrahedral dis- 
tribution of four similar groups attached to a carbon atom, and 
the experimental evidence in favour of the corollary appears to 
be a valuable confirmation of the main i>rox>osition. 

In the above table, is proiDortional to the velocity constants 
of hydrolysis of the hydantoins by baryta : 


B2C< 


NH-CO 

CO-NH 




The agreement between the order of the constants and that of 
the values of 38 is I'egardcd as confirming the accurai^y of the 
method of calculating 28.^ It will be notc<l, howxw<*r, that the 
values quoted for 38 are not properly ai)plicablc to this case, in 
which one carbon atom is replaced by a nitrogen atom, more 
especially as the atomic volume of the latter is very smalL® The 
order of the corrected values for 28 will, however, veuy possibly 
be the same and thus correspond wdth those of Jb\ although it is 
less certain that this will also hold for the cj/cio-propyleno and 
-butylene residues. It may also be suggested tliat otIuT atoms 
than those immediately attached to the central carbon atom must 
be included in sxich considerations, and it is perhaps in recognition 
of this that the values quoted for the methyl and ethyl groups 
differ. 

It has long been known that when the cpiakuiiary ammonium 
bromides (I) and (II) arc heated with ammonia, they arc converted 
into the compounds (III) and (IV) : ^ 

» K. M. Beesley, 0. K. Ingold, and J. Jb\ Thorpo, ST., 1915, 107* lOSO. 

^ C- K. Ingold, B. Sako, and J. F, Thorpe, ibzd., 1922, 121, 1177. 

® I. Traube, AnneUen^ 1895, 290, 119j 1896, ii, 354. 

« M. Boholt«, Ben, 1891, 24, 2402; 1898, 21, 1700; A., 1891, i, 1353; 
1898, i, 567. 
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(I.) 



/X/CHa-NH-CHs^XX 

^/VCHa-NH-CHa/X/ 

(III.) 

XX/OHa. 

)>NCCHa]s 

X/\CHa/]kr 

(n.) 


/X/CHa-NH-OHo-CHav 

I I “ >CHa -> 

XX^CHa-NH-OHa-CHX 

(IV.) “ XX/CHav 

I I \ 


\/^xCH 




NH + NH 




\ 


CHa-CHg 




CH« 


It may be that this change is simj^ly due to the tendency of 
quaternary ammonium compounds to pass under such conditions 
into derivatives of tervalent nitrogen. In any case, the instability 
of the resulting bisimines is indicated by the fact that at 250° 
they break down into dihydroi^oindole (V) accompanied in the 
second case by piperidine, Dihydroe^oindole is in fact most con- 
veniently prepared by heating (I) with ammonia solution at 250°.’' 

Hexamethyleneimine (I) is obtained in 50 per cent, yield by 
heating hexamethylenediamine hydrochloride,^ although octa- ® 
and deca-methylenediamines furnish butyl- and hexyl-pyrrol- 
idines, resjDectively. The result recalls the direct formation of 
2-methylhexamethyleneimine by the reduction of methyl c-amino- 
amyl ketone (II) : 


(I.) 


iHg-CHa-CH 

IHg-CHa-CH 


2>NH 

2 


(II.) 


NH 


It will perhaps be well to consider these results, and, for example, 
the good yield of suberone obtainable from calcium suberate,^^ 
in the light of recent suggestions that polymethylene rings 
containing more than five carbon atoms are free from tension and 
have not a plane configuration. 

The results of earlier work on the relative stability of cyclic 

^ J. V. Braun and (Miss) A. Nelken, J5er., 1922, 65, [B], 2059; A., i, 863. 

® F. Schmidt, ihid.y 1584; i, 761. 

» 3. V. Braun and C. Midler, ibid,^ 1906, 39, 4110; -d., 1907, i, 28. 

^0 F. Krafft, iUd., 2193; A., 1906, i, 553. 

S. Gabriel, ihid,, 1909, 42, 1259; A., 1909, i, 492. 

J. N. B. Day, G. A. B. Kon, and A. Stevenson, T., 1920, 119, 639. 

W. Hiickel, Ber,, 1920, 53, 1277; A., 1920, i, 603; H. G. Berx, Bee, 
trav. chim., 1922, 41, 312; A., i, 651. 

Compare Ann. Beports, 1920, p. 103. 
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structures containing nitrogen have been sui^ijlcinenieti auci sum- 
marised.^^ Neither a 2-, 3-, 4-metliyl-, nor a 5 : 0-methyle3ie- 
dioxy-group affects the behaviour of A^-methyltetrahydrocjuinoline 
methochloride towards sodium amalgam, although that of dihydro- 
indole is considerably modified by either a 2- or a 3-melliy] grouj). 
As might be anticipated, a 2- or 3-phenyl grouj) has a marked 
effect on the tetrahydroquinolhic structure. The difrercmce 
between the results obtained by different methods of degrading 
such structures is illustrated by the case of methyh’tsochondodendrine. 
By exhaustive methylation two methinos are obtained, whereas 
the sodium amalgam method yields one i^roduct only.^^ 

Attention was directed in last year's Beport to a coinx)oiind, 
in which tendencies towards two distinct modes eff* intjuniolecular 
condensation seemed to be evenly balanced. Another instance 
of this kind is now j^rovided by the convei\sion of 6-methoxyindole- 
2-carboxydimothylacetalylmcthylamlde (I) under the inf]uenc(j of 
alcoholic hydrochloric acid into a mixture of jnetlioxyketometliyl- 
dihydrocarbolmc (II) and mcthoxyketomethyldihydrolndok‘diazinc 
(HI) : 


NMo 


- mi ^CJO*Ni\Ie-aJBAi!{OM(02 

(I.) 

( 11 .) 

NH W 


^ It is not easy to exj)lain the fact that the presemeo of the nuihyi 
group attached to the nitrogen atom in tlie sick* cltain should 
determine carbolino formation, as contrasted with, eonv(u*Hion 
of indole-2-cai'boxyacctalylamidc itself into kcto<iihydroin(l<ie« 
diazine. If no nuclear methoxyl group bo present, course id the 
reaction will bo entirely towai‘ds carboline formation, but it is 
seen from the diagram that the effe:ct of the methoxyl group in to 
diminish the positive ” character of the motlu‘nyl hydrogen atom 
of the indole nucleus, concerned in the reaction, aiid to enhaiuse 
that of the imino-hydrogen atom necessary for indolediazino 

J. V. Braun, and J. Seoman, Ber., 1922, [B], 3818; A., 1923, I, 146. 

J. V. Braun, IC Hold©, and B. Neumann, 1916, 49, 2613; 

1916, i, 742. 

J. V. Braun, J. Seaman, and A, Sohiiltheifls, ibid., 1922, 65, [BJ, 3H<^3; 
A., 1923, i, 138. 

F. Faltis and F. Neumann, Monatsh., 1921, 42, 311 ; A., i, 669. 

18^ p. 112. 
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formatioii/^^ If this explanation be correct, it may be expected 
that a 5- or 7-metlioxyl group will favour carboline formation. 
Such an influence of the position of methyl groups on the formation 
and stability of coumaranones has been noticed in previous 
Reports. In this connexion, too, the results of an amplification 
of earlier work on the velocities of hydrolysis of 2-substituted 
])enzoxazoles are of interest. 

A different effect of substituents, which is superimposed on that 
associated with their orientation, and results in a modification of 
the general condition of the molecule, is illustrated by the fact that 
neither of the three nitrophenoxyacetyl chlorides is convertible 
into a coumaranone,^® although the reaction is otherwise a fairly 
general one.^^ 


Pr^ 


.O-CHa-COCl 


Me 


Pr^ O 



Me CO 


(I-) 


The synthesis of methyKsopropylcoumaranone (I) by its aid 
is another illustration of the relative independence of intramolecular 
condensation on steric influences.^® This point stands out more 
clearly when it is noted that the rupture of the ring usually brought 
about by intermolecular hydrolysis of coumaranones, and of their 
itsonitroso-derivatives, does not occur in this case, possibly owing 
to steric protection. 

It is suggested that the formation of cyclic additive products, 
for example (II), by interaction of aldehydes, ketones, or ap-un- 
saturated ketones and phosphorus trichloride, or compounds derived 
from it by replacement of one or two chlorine atoms by phenyl-, 
phenoxy-, or ethoxy -groups, 

Ph.CH:CH*COPh — > (II- ) 

PhPClg O 

resembles the conversion of ammonia into ammonium compounds 
in that in each case the tervalent atom develops two latent valencies 

so W. O. Kermaek, W. H. Perkin, and R. Robinson, T,, 1922, 121, 1872. 

Ann. Eeports^ 1920, 16, 101 ; 1921, 18, 108. 

22 S. Skraup and (Miss) S. Moser, Ren, 1922, 65, [R], 1080; A., i, 574; 
compare Ann. Eepori, 1920, 16, 99. 

2a T. H. Minton and H. Stephen, T., 1922, 121, 1591. 

24 Ibid., 1598. 

2® E. Mameli, GazzeUa, 1922, 62, [i], 322; A., i, 669. 

20 Compare Ann. Eeporis, 1921, 18, 108. 

2^ J. B. Conant, J. Amer. Ohem. Roc., 1921, 43, 1705; A., i, 41; J. B. 
Conant, A. E. MacDonald, and A. Me. B. Kinney, ibid., 1928; A., i, 1S6; 
compare Ann. Beporta, 1920, 17, 98. 

BMT. — von. XIX. 
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of^opposite signs.-® The course of this process in its initial stages 
in, for example, the addition of phosphorus trichloride to a carbonyl 
group is conceived to be as follows. The positive nucleus of the 
carbon atom is assumed to be exposed, through the drawing away 
of its two electrons, shared with the oxygen octet, and to attract 
unshared electrons of the phosphorus atom. In the resulting 
system, the oxygen and phosphorus atoms are respectively 
negatively and positively charged, and therefore an inner polar 
bond is set up between them. 

The reactions of the hydrazodicarbon-mono- and -di-thiocarbon- 
amides provide illustrations of the principle that every chemical 
system tends towards that condition in which the maximum of 
chemical neutralisation is attained.^^ For example, when hydrazo- 
monomethyldicarbonthiamide (I) is boiled in acid solution, the 
basic iminothiodiazoie methyl ether (II) and ammonia are formed, 
whilst in caustic alkaline solution, the acidic iminothiourazolc 
(III) and methyl mercaptan produced : 


[(in.) 


W-W HOI - 

HS'C C-SMo-^HN:C C-SMc 

2s[h ilH \/i 


■Nil, 


dOJ 


( 11 .) 


pS-Tiie constitution of the compounds of type (II) is contirmcd by 
their synthesis by condensation of thiosomicarbazides with carbon 
disulpMde in presence of alcoholic potassium hydroxide. An 
interesting case is that of the hydrazide (IV), from which in acid 
solution iminothiodiazolone (V), and in alkaline solution the sodiuni 
salt of tMourazole (VI) are formed as chief product : 


OO cs 

PhlSTH NHg 


"N— NH’ 
CO CS 

NHa 


(IV.) (VII.) 



NH-NH 

CO o:nh 

do cs 


\/ 


NH 

(V.) 

(VI.) 


The same intermediate product (VII) may be assumed in each 
case.®® 

®» Compare also (Mrs.) Q. M. Robiusoo. and R. Robinson., T., 1917, 111, 
958; Arm. Beporte, 1917, 16, 134, 

» A. Miobael, J. pr. Ohem., 1899, [ii], 60, 292; A., 1900, i, 321. 

“ F. Amdt and R. Mhde. Ber.. 1921, 54. [J3J. 2089; F. Amdt, E. Mikle, 
and P. Tsobenscher, ibid., 1922, 56, [R], 341; A., 1921, i, 842; 1922, i, 370; 
oompars B. Fromm, ibid., 1921, 64, [B], 2840; Anrtalen, 1922, 4^ 313; 
A., i, 62, 377; P. 0. Guha, J. Amer. Ohem. Soc.. 1922, 44, 1602. 1610; A., 
i, 876, 876. 
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The formation of cyaphenines by distillation of aryliminoalkyl 
ethers 

3Ar-C<gg ArC<|J:g^> + 3R-OH 


is attributed to special reactivity of nascent nitriles, since these 
suffer polymerisation only at high temperatures or under the 
influence of catalysts.®^ The change, however, occurs, although 
with extreme slowness, at the ordinary temperature and therefore 
might possibly consist in polymerisation, followed by elimination 
of alcohol. 

Reference has previously been made to the difficulty frequently 
attaching to the production of systems containing rings in straight 
alignment on either side of a benzene ring.^'^ This is noticeable in 
the poor yield of 2 : 3-naphthindigotin from 3-carboxy-2-naphthyi- 
glycine : 



NNH-CHa-CO^H 
\/\C02H 




k 


/\/\co 




1 I I 

CO/' 


In passing, it may be noted that 8-carboxy-l-naphthylglycine 
could not be converted into a ^er^-naphthindigotin.®^ Again, 
when 6-aminotetrahydroquinoline was submitted to the quinaldine 
synthesis, a phenanthroline resulted.^^ On the other hand, 2 : 6- 
dihydroxy-m-aa-benzbispyrrole is readily produced by reduction 
of 4 : 6-dinitrophenylene-l : 3-diacetic acid with ferrous sulphate 
and ammonia : 


HOaC-HaCf 

o,nI 


/CHg-CO^H 

]no^ 


CH 




-CHp 



Two instances of the indirect formation of structures of the general 
form Just referred to may also be noticed here, although the primary 
reaction does not involve a benzene nucleus. In each case the 
starting material is 2 : 3-dichloro-a-naphthaquinone. This, by 
successive treatment with aniline and with sodium sulphide, is 
converted into 2-anilino-3-mercapto-l: 4-naphthaquinone (I), from 

B- Johnson and !<• W. Bass, J. Amer, Chem, Soc,, 1922, 44, 1341 ; 
A., i, 736. 

Ann. JReports, 1921, 18, 109. 

BC. E. Bierz and B». Tobler, HeZv» Ohi?n» Acta, 1922, 5, 657 ; A., i, 869. 

H. E. Eierz and B». Sallmann, ibid., 560; A., i, 870. 

J. Lindner, Monatsh,, 1921, 42, 421; A., i, 687. 

W. Eavies and E. HC. C. Hickox, T., 1922, 121, 2640. 

E 2 
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which pp-naphthaphenthiazine-G : ll-quinone (II) is obtained by 
atmospheric oxidation in alcoholic solution. 



(1.) (II.) (IIL) 


The parent naphthaphonthiazine (111) is prepared from this by 
energetic reduction with stannous chloride.^'^ Again, the original 
quinone, when treated with sodium sulphide in absence of air, 
yields the green monosodium salt of the internal quinhydronc (I), 
from which 5 : 7 : 12 : 14-tctrahydroxydibenzothianihrenc (II) is 
obtained by acid or alkaline reduction : 



(I.) (11.) (IIL) 


A noteworthy reaction is the elimination of sulphur with formation 
of dinaphthathiophendiquinone (III), when the diquinonc derived 
from (I) is heated above its melting j>omt in boiling nitrobenzene 
solution or with concentrated sulphuric acid.^^ 

laomeriam, 

Fixrther notewoi'thy cases of isomerism in the indazole series 
have been recorded. Freshly prepared G-chloroindazole melts at 
119 — 120"^, but changes, slowly at the ordinary temperature, and 
fairly rapidly at 100°, into a modification, m. p. 143—144°. 
Similarly, the 5-bromo-derivativc exists in a labile form, m. p. 
124 — 125°, and a stable form, m. p, 132 — 133°. Since each form 
may be recovered unchanged after recrystallisation, they would 
seem not to be polymorphous. The failure to convert the high- 
melting into the low-melting isomerides suggestB that their relation- 
ship is not one of structural isomerism, whilst the higher molting 
ixoint of the stable isomerides is in agreement with the hypothesis 
of stereoisomerism, represented by (IV) and (V), 


K. Fries and F. Kerkow, Annalen, 1922, 427» 281 ; i, 077. 
K. Brass and L. Kohler, Ben, 1922, 55, [B], 2543; A., i, 1050. 
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(IV,) 




H-N 

\ 


N 


°o 


isr-H 

\ 

/ 

N 


(V.) 


and already applied to the 2-acylindazoles.®^ In agreement with 
this analogy, 3-halogen indazoles do not exhibit isomerism. 

A fuller investigation of the two forms of 3-phenylindazole, 
m. p, 107 — 108® and 115 — 116® has shown these to be inter- 
convertible, and, further, it would seem that the low-melting 
isomeride is the more stable, since it may be obtained from the 
other form by distillation. The relationship is therefore considered 
to be one of structural isomerism : 


CPh CPh 



NH N 


The same explanation is adopted in the case of two forms of 3 : 5 
diphenyh*500xazole-4-carboxylio acid (I) and (II), and of the corre 
spending 5-phenyl-3-methyl-derivative. 


dO 


^^OPhlC-COaH 

^^NnzcPh 


^^CPh-C-COsH 

— CPh 


(II.) 


In each case, the acid of lower melting point is converted by boiling 
caustic alkali into its isomeride, although the reverse change has 
not been accomplished. It is hoped that further information may 
be gained from attempts to resolve the acids into optically active 
eomponents, since the compound represented by (II) should be 
capable of resolutions^ It will be noted that the structural 
formulae assigned to these pairs of compounds correspond closely 
with those of the tautomeric forms of dimethyM^c^/cZopentanone- 
carboxylic acid.^^ It is interesting to note how in three distinct 
fields of investigation, the suggestion is almost simultaneously 
forthcoming that the types of bridged and unsaturated ring systems 
here considered are closely related. At the same time, it must 
be observed that although the indazoles are benzopyrazoles, the 
tendency on the part of pyrazoles to assume the bridged structure, 
if existent, is very limited,^^ 

K. V. Auwers and H. Lange, J5er., 1922, 56, [J5], 1139; A,, i, 684. 

IC. V. Auwers and A. Sondheimer, 1896, 29, 1265; A., 1896, i, 603. 

K. V. Auwers and K. HUttener, ibid., 1922, 65, [i5], 1112; A., i, 682. 

M. Betti and others, Oazzetta, 1915, 46, i, 362; ii, 151, 377; 1921, 51, 
ii, 229; A., 1916, i, 997; 1916, i, 222; 1922, i, 62. 

K. H. Farmer, C. K. Ingold, and J. F, Thorpe, T., 1922, 121, 128. 

K. V, Auwers and H. Broohe, Ben, 1922, 55, [B], 3880; A., 1923, i, 151. 
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The rearrangement of 2-liydroxy-3-phen3dindazole (A), when 
boiled with caustic alkali, has now been shown to consist in the 
interchange of the hydroxyl and the phenyl grouj:)s,^^ since the 
product furnishes azobenzene-o-carboxylic acid on oxidation and 
is identical with 3-hydroxy-2-phenylindazole (I), prepared from 
hydrazobenzene-o-carboxylic acid : 


.COgH 


i I 

\/"\NH-NHPh 


It is considered that the isomerisation depends rather on a direct 
interchange of the groups concerned than on the formation of an^^ 
transient additive product. 

Isomeric forms of five-membered cyclic compounds have also 
been observed in the pyrazolone series. Two isomerides result 
from the methylation of S-phenyl-S-pjnrazolone (II). Of these, 
one, m. p. 96^, is probably a methoxy-derivative, but the oth<'r, 
m. p. 165°, is converted by phosphorus pentachloride into 5-chloro- 
3-phenyl- 1 -methylpyrazole (IV), identical with the product 
previously obtained from 3-phenyl-3-methyl-5-j)yTazolono, m. p. 
207° ^8 (V) : 


NH 

N CO 
PhC CH, 


PhC 


NMe 
N CCl 




(IV.) 



NMo 

N C'OIT 

P}iC==6h 

(VI.) 


A similar statement in regard to the l-j>henyl-5-mcthyl derivative 
is already on record.^^ The suggestion is made that those pairs 
of compounds may be stereoisomeridcs represented by (VI) and 
of the type already mentioned in the case of the indazolcB. It 
will, however, be noticed that no intercon version has been accom- 
plished in the present instance and that in the case of indazoles the 
t^xperimental evidence is to the effect that sub.stitution in tlu^ 
l^osition corresponding with that occupied by the hydroxyl group 
in (VI) inhibits stereoisomerism. 

K. V. Auwers and A. Sondheimor, Zoc. ctL 

P. Frenndler, Oompt. rend., 1906, 143, 909; BtdL Soc. cMm., 1911, [iv], 
9, 738; A., 1907, i, 158; 1911, i, 753. 

C. A. Bojahn, Ber., 1922, 55, [B], 2959, 3990; A., i, 1183. 

B. V. Bothenbiirg, J. pr. €hem., 1895, [ii], 52, 23; A., 1806, i, 686; 
A. Michaelis, AnnoZen, 1907, 352, 152; A., 1907, i, 246. 

F. Stolz, J. pt. Ohem., 1897, [ii], 55, 164; A., 1897, i/374. 
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It would appear, in fact, that, apart from the careful attempts 
at discrimination noted in the cases of the indazoles, the suggestions 
made in some of the other cases just mentioned are ad Tioo in 
character, and to be received with corresponding reserve.. 

Further, instances have not been lacking during the year which 
show the need for caution, before cases of alleged isomerism are 
finally accepted. Thus, the "^^'^oisatogens,’’ obtained from isatogens 
by the action of alcoholic hydrogen chloride,^® are now stated to 
be in reality additive compounds of isatogens with alcohol, and 
to be formed, although more slowly, by treatment with alcohol 
alone. In the case of ethyl isatogenate, the reaction is expressed 
as follows : 


C6H4<g.^>C-002Et C6H4<§P>C<g°2Et^ 


p „ ^COaH 


OH 


NH-CO-OOaB 
(10 


The additive compounds are hydrolysed by cold caustic alkali to 
i'7-oxalylanthranilic acid (I).^^ 

Again, the suggestion that the isatoids represent isomeric forms 
of isatin has turned out to be wrong. These compounds, more 
correctly termed isatoid monoalkyl ethers, were originally prepared 
by interaction of alkyl iodides and the silver salt of isatin, and 
also from the alkylisatins, which are the first product of the reaction, 
by spontaneous evaporation of their benzene solutions while 
exposed to light. By hydrolysis, they are converted into anhydro- 
indoxyl-a-anthranilide (II), the constitution of which is indicated 
by its oxidation to the known anhydro-oc-isatinanthranilide (III) : 


OH 



CO NH CO N 





CO 


(II.) 


(III.) 


The last compound is also obtained directly from the original 
ethers when their alkaline solutions are exposed to light. The 
existence of isomerides of isatin is still in dispute, and it is main- 
tained that certain of these are in reality isatoid derivatives. 

Ann, BepoHa, 1919, 15, 109; 1921, 17, 116. 

G. Heller and W. Bolsaneok, Bar,, 1922, 65, [B], 474; A„ i, 369. 

A. Hantzsch, ihid,, 1921, 54, [B], 1221; A., 1921, i, 597. 

G. Heller and W. Benade, 1922, 55, [B], 1006; A., i, 682; A. 

Hantzsch, 3180; A., i, 1177. 

A. V. Baeyer and Oeconomides, ihid,^ 1882, 15, 2093; A., 1883, 201. 

A. Hantzsch, ihid,i G. Heller, tbid., 2681; A., i, 1068; compare Ann, 
Eeporis, 1921, 17, 116. 
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Stereoisomerism, 

Although there has been no novel development in the stereo- 
chemistry of heterocyclic compounds during the period under 
review, a number of interesting applications have been made of 
known principles. Besides those already referred to, they are 
mentioned in connexion with catechin (p. 146), picrorocellin (p. 151), 
bishydrocarbostyril-3 : 3'-spiran (p. 152), quinine (p. 157), anhydro- 
ecgonine (p. 160), and scopolamine (p. 161). 


A Ihylaiion . 

The sodium salt of 5-chloro-3-methylpyrazole gives rise to 
3-chloro-l : 5-dialkyl derivatives.^® This result is the more inter- 
esting since 1 : 5- dialky Ipyrazoles themselves seem incapable of 
existence. Thus, alkylation of 3 -alkylpyr azoles furnishes a 1:3-, 
but no 1 : 5-derivative. All attempts to synthesise the latter havci 
failed, and even when 1 : 5-dimethylpyrazoline is oxidised, 1 : 3- 
dimethylpyrazole is formed. Similarly, although l-i)henyl- 
3-methylpyi'azole mothiodide is converted into l-i)henyl-3-meihyl- 
pyrazole by heat, the corresponding 1-benzyl-compound yields 
1 : 3-dimethyIpyrazole under these conditions : 


CH CHMe 
NBa 


CH 


•CMp 

NJVTf 


The properties of the methylation produet from th<! Hodiuni salt 
of S-chloro-S-phenylpyrazole differ from tliosc attributed to either 
of the products which might have been, expected.^** The alkyl- 
ation of 3-phenyI-5-p3urazolone has already been referred to. 

Alkylation of 3-phenylindazole leads to results varying with 
the conditions employed, but there is a predominant tendency for 
the substituent to enter the 1 -position.'"*® 

A new dimethyl derivative has been prepared by treating leuoci- 
indigotin in persistently alkaline solution with methyl sulphate. 
This is considered to be an 0-substituted compound, since it is 
converted by nitrous acid into indigotin, and by chromic acid into 
isatin.*® 

There are grounds for the belief that alkylation of the glyoxalines 
does not proceed by direct replacement of an imino-hydrog<>n 

“ C. A. Bojalm, Ber„ 1922, 65, [B], 2959; A., i. 1183. 

K. V. Auwers and H. Broohe, ibid., .3880; A., 1923, J, 161, 

C. A. Bojahn, Zoo. cit. 

K. V. Auwers and K. HUttener, Ben, 1922, 55, [BJ, 112; A., i, 682. 

•“ E. Grandmougin, Oompt. rend., 1922, 174, 768; A., i, 470. 
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atom, and th.e following sch,eme is put forward for the case of 
4-nitro-5-methylglyoxaline ; 


OaN-C — 

I! >0H 

MeC-NH'^ 


S 04 Me 

Ogisr-c— isr— Me 

I >CH 
MeC-NH 


0„N'C*]SrMe 


Me' 


y. 




A 1 : 3-dimetliyl derivative is obtained by the action of diazo- 
methane on uracil.®^ 


Five-member ed Heterocyclic Structures. 

The formula of the elsholtzio acid derived from the action of 
amyl nitrite and sodium ethoxide on elsholtzione has now been 
confirmed by its oxidation to furan-2 ; 3-dicarboxylic acid. The 
constitution of this in turn is decided by its preparation from the 
chloride of synthetic 2-methylfuran-3-carboxylic acid. Bromin- 
ation of this compound occurs partly in the side chain and partly 
in the nucleus, so that hydrolysis of the product furnishes a bromo- 
2-hydxoxymethylfuran-3-carboxylio acid. This undergoes oxid- 
ation to the corresponding dicarboxylic acid, from which the bromine 
is removed by means of zinc dust and ammonium chloride.®® 

The possibility of synthesising coumarins by condensation of 
phenol or their ethers with fumaric, maleic, or malic acid has been 
investigated, but with somewhat discordant results.®® 

A closer examination of the product of the action of acetylene 
on finely divided iron pyrites at 300° has shown that whilst thiophen 
constitutes 40 per cent, of the whole, it is accompanied by its 
2- and 3-methyl and -ethyl derivatives, as well as by a number of 
other products, which do not contain sulphur.®^ 

The resemblance between thiophen and benzene extends to 
their behaviour towards ethyl diazoacetate. In the former case, 
reaction only occurs at 130° in presence of an excess of thiophen. 
The product, obtained in poor yield, is probably ethyl dicyclo- 


a-penthiophen-5-carboxylate. 


CH-S- 


[!^^CH*C 02 Et,®® since it 


F. B. Fyman, T., 1922, 121, 2619, 

T. B. Johnson, A. J. Hill, and F. H. Case, Proc. Nat, Acad, Bci,, 1922, 
8, M; A., i, 471. 

Compare Ann, Reports, 1920, 16, 114, 

E. Benary, Ber., 1911, 44, 493; A., 1911, i, 319. 

IT. Asahina and S. Kuwada, J, Bharm, Soc. Japan, 1922, 485, 566; A., 
i, 1047. 

Q, C- Bailey and F. Boettner, J, Ind. Bng, Chem,, 1921, 18, 906; A., 
1921, i, 879; W. Ponndorf, B.B.-P. 338737; A., i, 565. 

67 Steinkopf and J. Herold, Annalen, 1922, 428, 123; A., i, 850; com- 
pare W. Steinkopf, Annalen, 1914, 403, 11; A., 1914, i, 425. 

W. S. Steinkopf and H. Angestad- Jensen, ibid,, 164; A., i, 861. 
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easily forms an amide, and therefore probably contains a secondarj^ 
rather than a tertiary carbon atom in the a-position to the carb- 
ethoxy-group. 

The catalytic reduction of pyrrole in presence of nickel at 200° 
results in the opening of the ring in every possible manner, since 
ammonia, diethylamine, methyl-n-propylamine, and 7^-butylamine 
are formed. The production of 52.-amylamine and ethyl- ;^-propyh 
amine at the same time is attributed to the preliminary formation 
of piperidine through the intermediary of iV'-methyli^yrrole.'^^ 

It has been shown that the pyrrole nucleus is amenable to the 
Gattermann synthesis of aldehydes by means of hydrogen cyanide, 
and that, as the formulae (I) and (II) show, substitution may occur 
in the a- as well as in the p-position. 


(I.) 


MeR 

HCO-C 


P-CO-jEt 
OMe 

x/ 

NH 


HCO-C- 

MeC 


-C-COgEt 

CMe 


( 11 .) 


NH 


In view of this result, and the knowji similarity in reactivity between 
pyrrole and phenol, it is not surprising that the Hoesch synthesis 
also may be applied to pyrrole. The use of cyanogen or inalono- 
nitrile in this conneadon results in the formation of cyanoketonos, 
and not of diketones. 

Not only acetyl or carboxyl,’® but also methyl groups are 
replaceable in the pyrrole nucleus by the nitro-group through the 
agency of nitric acid. The following formulae, in which the groups 
which suffer replacement are indicated by heavy typo, suggest 
that the order of replaceability is acetyl, methyl, and carbethoxyl : 


MeC- 

(HCO or) COMe-b 


-C-COaEt MeC C-COMe 

OMo EtOaC-C CMo 


Vh 

MeC C-COgEt 

EtOgC-b CMe 


NH 


The formula (III) is suggested for tripyrrolo, from a determination 

Oompar© E. Eisoher and W. Bilthey, Ben, 1902, 35, 844; A,p 1902, 
i, 269* 

H. X Putochia, ibid,, 1922, 55, [B], 2742; A., i, 1176. 

H. Fischer end W. Zerweek, 1942; i, 758. 

H. Fischer, K. Schneile, and W. Zerweok, ibid., 2390; A., i, 1055. 

G. Ciamioian and H. Bilber, ibid., 1885, 18, 1456; 1886, 19, 1078; A., 
1885, 992; 1886, i, 718. 

H. Fischer and W. Zerweek, ibid., 1922, 55, [B], 1949; A., i, 758. 
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of the a-positions av^ailable for coupling with diazomium compounds 
and the formation of succinic acid by oxidation with chromic acid. 
For similar reasons, hydroxydipyrrole is considered to be (IV) or 
the corresponding ketone. 


CH— OH CHo-CHo CH—CH 

ch 6 il -6 8h 


NH 


NH 


NH 


-O C-OH (IV.) 
NH 


By distillation of chitin with zinc dust, a mixture of bases is 
obtained, which contains some pyridine derivatives, but consists 
chiefly of pyrroles. Of the latter, one appears to be identical 
with synthetic a-methyl-iV^-9^-hexylpyrrole, and in consequence it is 
suggested that the grouping (I) is present in chitin.'^® 

— CH CH(0H)-CH2-0H 

CH(OH)— CH NH-CH-]kH-CH(OH)-CH-CH(OH)-CH3-OH 

(I.) 

In a review of the various explanations which have been 
offered of the Fischer indole synthesis, preference is given to that 
which postulates the intermediate formation of an anil : 


NKPh-HrCR-CH^R + H^ — >• NHgPh + NHrCR-CHaR 

t t 

+ Ha ^ NPhICR-CHaR + NHg 


In order to explain the extension of the reaction to phenylmethyl- 
hydrazones, it is assumed that the ketimine formed in the first 
stage of the reaction may react in the aminic form, NHg-CRICBER. 
Reference may be made here to the synthesis of the indenoindoles 
(II) and (III) by heating the phenylmethylhydrazones of a- and 
P-hydrindones, respectively, with concentrated hydrochloric acid.*^® 

CH2 

(II.) 

NMeCH^ 

Th.e pyxogenetic synthesis of indole by passing a mixture of 

A. Pieroni and A. Moggi, Aiii B. Accad. Idncei, 1922, [v], 81, i, 381 ; 
A., i, 766. 

P. Karror and A. P. SmirnofE, JSelv. CUim. A.ota, 1922, 5, 832; A., 1923, 
i, 122. 

” C. HolUns5, J. Amar. Chem. Soc., 1922, 44, 1698; A., i, 863. 

” G. Keddelien, Annal&n, 1912, 388. 179; A., 1912, i, 363. 

’» J. W. Armit and R. Robinson, T., 1922, 121, 827. 
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aniline vapour, acetylene, and carbon dioxide through an iron tube 
at 700*^ is moderately successful. A quantity of crude indoie was 
collected amounting, in the most favourable case,®® to 34 per cent, 
by weight of the aniline not recovered. 

A new synthesis of r-tryptophan has been described. Indole is 
successively converted into magnesium p-indolyl bromide, and 
P-aldehydoindole, which is then condensed with hydantoin by the 
Perkin reaction to p-indolalhydantoin. Reduction with sodium 
amalgam, followed by hydrolysis, completes the synthesis : 




-C-CHO 


NH 


XX- 


C-OHa-OH-CO 
CH KH NH 
NH 

CO 



n-^H^-CH-COaH 

\y\/CH NHa 
ISTH 


The catalytic reduction of A'-methyl- or -ethyl-carbazole in 
presence of nickel salts at 215® under pressure and in absence of 
a solvent furnishes, besides unchanged material, a mixture of the 
tetrahydro-dorivative, insoluble in acid, and the basic octahydro- 
derivative (I), from which a decahydro-derivativc (II) is obtained 
by the action of tin and hydrochloric acid. The constitution of 
the deoxy-base (III), derived from this, follows from its hydrolysis 
by acids to 2-A^-cycZohexenylcycZohexanone (IV) : 


(h) 


OH 2 

c 


CHo 

-o CH. 

H 6h, 


2 


(m.) 


GHaNB CHa 

CH. CH. 

/\ 

□H, p^-p CHa 
CHa CH C OHa 

OHa BN OHa 
\Me 



The result is of iaterest as indicating that the formation of pyrrolines 
(corresponding with II) from pyrroles proceeds simply by the 

R. Majima, T. XJimo, and K. Ono, Ben, 1922, 86, [B], 3854 ; A., 1923, i, 136. 
B. Majima and M. Kotake, ibid., 3869 j A., 1923, i, 166. 

** J- V. Braun and HE. Ritter, ibid., 3792; A., 1923, i, 141, 
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reduction of one double bond rather than by reduction of the 
conjugated system, followed by isomerisation. 

The formation of indigotin by alkaline fusion of dianilidofumaric 
acid, from aniline and dibromofumaric acid, has been described.®^ 
6 : 6'-Dibromoindigotin has been isolated from the fluid expressed 
from certain varieties of cockle, which the natives of Mexico have 
long utilised for dyeing purposes. 

Formulae reminiscent of the indigoid type have been assigned to 
the product (I) of the oxidation of rhodanine by ferric chloride,®^ 
and, provisionally, to naphthothiam blue,’’ (II) the leuco-com- 
X30und of which is formed when 1 : 8-nitronaphthalenesulphinlc 
acid is reduced with zinc dust and potassium sulphite.^®- 


(I.) 


6s— 



In accordance with the relationship, previously noticed, between 
the constitution of benzoxazole derivatives and their capacity for 
visible fluorescence,®^ (III) exhibits this property, but (TV) and 
(V) do not.®® 



CPh 


N 

Hoi ' 


O 


(III.) 


(IV.) 


OH 2Sr 

CPh 

(V.) 


Imino-oxazolidines (VI) result from the condensation of styrene 
dibromides with carbamide : 




(VI.) 


Ar- 

R- 


;™>c:nh. 


Ar-CH-NHa 


Their hydrolysis with alkali hydroxides provides a new method for 
the preparation of alkamines.®® 

G, G- Bailey and B. S. Potter, J, Amer. Chem. tSoc., 1922, 44, 215; A., 
i, S70. 

P, Priedlaender, Ben, 1922, 65, [B], 1655; A,, i, 793. 

C. Granacher, R. Keis, and B. Pool, JECelv, Chinim Acta, 1922, 5, 382 ; 
A., i, 576. 

A. Beissert, JBer., 1922, 66, [Bj, 858; A., i, 583. 
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F. Henrich, H. Suntheimer, and C. Steinmann, Ber*, 1922, 66, £B], 
3911 ; A*, 1923, i, 145. 

X Takeda and S. Kuroda, J. Fharm* Soc* Japan, 1919, 449, 561; 1921, 
1; A., 1920, i, 228; 1922, i, 272. 
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The evidence of the non-existence of 1 : 5-diaIkylpyrazoleH has 
already been summarised (p. 136). This forms a basis for an 
adverse criticism of Knorr’s view that one hydrogen atom in the 
pyrazole nucleus is oscillatory and it is suggested that the cause 
of the apparent identity of 3- and 5-derivatives of pyrazole, on 
which this view is based, is again the instability of one form, and 
its consequent transition to the other.^® 

A study of the electrochemical oxidation of pyu*azoles has shovm 
that, in acid suspension, the heterocyclic nucleus of 1-phenyl- 
3-methylpyrazole is destroyed, but that in presence of iiotassium 
carbonate solution, the benzene nucleus is destroyed, with form- 
ation of pyi'azole-S-carboxylic acid.^^ 

The applicability of the Friedel- Grafts reaction to 5-chloro- 
pyrazoles, giving rise to substitution in the 4-position, is limited 
to 1-aryl derivatives and to the chlorides of aromatic acids. 

The difiiculty associated with the original cxj>ianation of the 
behaviour of the 5-nitroglyoxalines on reduction was indicated 
in a previous Heport.*'^^ dZ-Alanine-A'-mctliylamidine (I) has since 
been found among the reduction products of 5-nitro-l : 4-dimethyJ- 
glyoxaline (prepared by nitration of 1 : 4-dimothyIglyoxaline). 
Accordingly, the reaction is now considered to be analogous to tlu*? 
I'upture of the giyoxaline ring by means of benzoyd chloride and 
sodium hydroxide, and in the case referred to is represented as 
follows : 


MeC W (I.) MeCH-NHg 


COgH 

MeOH-NHa 


+ CH3-NH2+NH3 


4-lSritro-l : 5-dimethylglyoxaline, from the nitration of I : 5-di- 
me thylglyoxaline, yielded the amino-compound, with dl^N-mothyh 
alanine and ammonia.^^ These results confirm the orientaiif>ns 
provisionally adopted®^ for the above two dimethyl derivatives, 
when they were prcjiared from 4-niethyIgIyoxaIine, and also the 
suggestion that pilocarxiino is a 1 : 5-dorivativo of giyoxaline. 
Considerations of space prevent more than a reference to the dis- 
cussion of the behaviour of the glyoxalinos on alkylation (com- 
pare p. 136) and towards benzoyl chloride and sodium hydroxide 
from the point of view of polarity. The inadequacy of earlier 
suggestions in regard to the latter reaction is indicated in a review 

K. V. Auwers and H. Broche, Bcr., 1922, 55, [B], 3880; 1923, I, 151- 

Fr, FicMer and H. do MontmoUin, Helv. Chim. Acta, 1922, B, 250; A,, 
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of in which it is shown that the ring may also be opened 

by means of i^ovaleryl chloride. Neither benzenesulphonyl chloride 
nor acetic anhydride, however, is effective. The result in the 
last case is the more striking, since the same reagent opens the 
benzoglyoxaline ring,^^ and yet the latter is the more resistant 
towards benzoyl chloride and pyridine. These reactions permit 
the conversion of glyoxalines into 2~aU?:yl derivatives, since it has 
been shown that when, for example, bisbenzoylaminopropylene 
(I), derived from 6-methylglyoxaline, is heated with the anhydride 
of an aliphatic acid, 2-alkyl-5-methylglyoxaline is produced : 


MeC-NH 


OH 


.j. MeO-NHBz 
' CH-NHBz 


MeC-NH 
CH 


OR 


The polybromo-compounds resulting from the direct halogenation 
of glyoxalines may be converted into monobromo-derivatives by 
treatment with sodium sulphite solution.®^ 

The rearrangement of the system (I) in certain compounds to 
furnish 1:2:3: 4-tetrazoles would appear to be an intramolecular 
reaction comparable with the familiar intermolecular saturation 
of a double bond by the action of diazo-compounds : 

(I.) — c:n~ . M i cPh-ci:N-N:oHPh (h.) 

Ns NPh:o:NPii (HI.) 

N 

Suitable azides of the type (I) are generated as intermediate pro- 
ducts (not isolated) by interaction of sodium azide and benzylidene- 
benzhydrazide chloride (II) or carbodiphenyldi-imide (III), or, 
in place of the latter, a mixture of a thiourea or a thiosemicarbazide 
with lead oxide. ^ Again, when mustard oils are heated with 
azoimide in an indifferent solvent, cyanamides are formed as inter- 
mediate products : 

HS-C NPh 

R-N-CS + HNa R-NH-CS-Ng — > R-NH-C:N n ^ (VJ 

(IV.) 
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A. Windaus and W. bangenbeok, ibid., 1922, 65, [B], 3706; A., 1923, i, 
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These then react with more azimide to form tetrazoles. 5-Mer- 
capto-l-phenyl-1 : 2 : 3 : 4-tetrazolo (V) is formed when phenyl- 
carbimide is boiled with an alcoholic suspension of sodium azide, 
or when the corresponding thiocarbamic azide (type IV) is treated 
with alkali.® 

«/f-Aniline (VI) is the sole product of the interaction of sulphury! 
azide, S02(N3)2, and benzene at 140°,® but from p-xylene, a mixture 
of i/r-p-xylidine with a base, possibly (VII), and a solid of the same 
composition, are formed.^ The products obtained when benzyl 
azide is heated with p-xylene, on the other hand, are entirely 
derived from the azide, and include (VIII) and (IX) : ® 


I J>NH 


(VI.) 


Me 


I tl>NH 

(VII.) 


N-CHoPli 


(VIII.) 


N 

XX. 

PhC CPh 
PhC CPh 

V 

(IX.) 


The interaction of thiobenziKc acid and benzaldehydc in ])reBence 
of hydrogen chloride leads to the formation of triphenyl -1 : 3- 
oxthiophan-5-one (I). This, on treatment with cold concentrated 
sulphuric acid, yields a product, to which the formula (II) is assigncsd 
on the grounds of its conversion into 9-phenylanthracene by dis- 
tillation with zinc dust, and of its insolubility in alkali,^ 


Ph 



(I.) (11.) 


Tjie Pyrone Oroup. 

The method whereby pyrylium salts are synthesised by con- 
densation of an o-hy<h:oxybenzaldehyde with a compound con- 
taining the *CH 2 *C 0 * group ^ has been shown ^ to be applicabh>^ 

* OHveri-Mandam, Qaiszetta, 1921, 61, ii, 195; 1922, 62, i, 101; A., 
1921, i, 900; 1922, i, 473. 

^ F. Schmidt, Ben, 1922, 66, [B], 1581 ; A., i, 777. 

* T. Ourtius and F. Schmidt, 1571; u4., i, 776. 

* T. Ourtius and G. Fhrhardt, 1559; i, 775. 

* A. Bistrjzycki and B. Brenken, Melv. Ohim. Acea, 1922, 6, 20; A., i, 268. 
^ W. H. Perkin and H. Robinson, JP., 1907, 19, 149 ; H. Backer and T. v. 

Fehenberg, Ben, 1907, 40, 3815; Annalen, 1907, 366, 281; A., 1907, i, 960. 

* B. B. Pratt and B. Robinson, 37., 1922, 121, 1577. 
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to to-ethoxy- and -plienoxy-acetophenones, yielding compounds 
(I) of the anthocyanidin type. 



^C-OEt(or Ph) 
CH 

(I-) 


o o 

^OH 


CH 

(IL) 


(III.) 



The blue anthocyanidin pigments have been considered to be 
alkali salts of phenol betaines, for example (II). This view has, 
however, been criticised ® on the ground that it cannot be applied 
to the colour change of solutions of 4'-hydroxy-2-styTylbenzo- 
pyrylium chloride from red to blue on dilution with water, in 
absence of any base. The change is attributed to production of 
the quinonoid compound (or, less probably, a corresponding 
betaine) (III). The pyrylium compound in question is synthesised 
by the action of hydrogen chloride on a solution of o-hydroxy- 
styryl methyl ketone and p-hydroxybenzaldehyde in formic acid. 

A synthesis of ^^ohsematein tetramethyl ether ferrichloride (IV) 
has been carried out by reactions precisely analogous to those 
used in the case of irsobrazilein trimethyl ether. 


(IV.) 


Demethylation of the above ferrichloride by means of hydrochloric 
acid furnished a product identical with the ^,9ohsematein from 
haematoxylin. 

No de^ite conclusion has yet been reached in the controversy 

» J. S. Buck and I. M. Heilbrou, T., 1922, 121, 1198. 

H. G. Crabtree and K. Kobioson, ibid,, 1033, 

Compare Ann, Eeporis, 1918, 16, 104. 

J. J. Htxmmel and A. G. Perkin, T., 1882, 41, 373. 

3^® Ann, BeportSf 1920, 17, 110; 1921, 18, 129; A. C. von Euler, BveiiaJc, 
Kem, Tidshr,, 1921, 83, 88; A., i, 46. 


OMeO 


MeOf 






/■ 

V 


} 


FeCL 


CH, 


-A 


OMe OMe 
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regarding the constitution of catecliin. The crystallographic 
evidence in favour of a formula of the ay-diphcnylpropane type 
has been met with equally definite evidence of the same character 
in favour of the aa-type of formula. An intimation that the 
discrepancies are to be subjected to independent investigation is 
therefore to be welcomed. In this paper, the optical activity of 
acacatechin is denied. On the other hand, the optical activity 
of the pentacetyl derivatives of three samples of catechin has been 
independently affirmed,^® and evidence of a somewhat ingenious 
type is also offered of the presence of two asymmetric carbon 
atoms in the catechin molecule. In the course of the latter 
investigation, dZ-epicatechin was prepared, and then detected in 
Pegu-catechu.^’^ 

The Pyrimidines, 

Two new syntheses of pyrimidine derivatives have been recorded. 
Mono- and di-alkylmalonic esters condense with aromatic amidines 
in presence of sodium ethoxide, yielding respectively insoluble 
yellow (I), and soluble colourless derivatives (II) : 

(I.) BoC<gg;^g>CAr (H.) 

The condensation products of aldehydes with asparagine furnish 
good yields of hydroxybromopyrimidiuecarboxylic acids on oxid- 
ation with alkaline solutions of sodium hypobromitc : 


HaN— 90 NH-90 

BCHCHa — > BO CBr 

N— CH-COgNa N— C-COaNa 

The unbrominated compounds may be obtained by use of potassium 
permanganate, but the 3 dclds are not so good. The presence’s of 
asparagine in young etiolated shoots has prompted the suggestion 
that a reaction similar to these may produce the j^yrimidines and 
purine bases found in nucleoproteins.^^ 

The desulphurisation of 9-aIkyl-8-thiouric acids by treatment with 
nitrous acid leads to the formation of xanthines (III) : 




-0-NE,^^^ 

(HI.) 


-C-NR. „ 
(IV.) 


— C-NHR 
— C'NHR 
(V.) 


“ M. Nierenstein, T., 1922, 121, 604. 

M. Nierenstem, jBen, 1922, 65, [B], 3831. 

K. Feist and A. Futtemenger, ibid., 942; A.., i, 666. 

K. Freudenbepg, O. Bahme, and li. Pumnann, &id,, 1734; A., i, 766; 
K. Freudenberg, ibid., 1938; A., i, 766. 

A. W. Dox and L. Yoder, J. Amer. Ohem. Soc., 1922, 44, 311; A., 
i, 374. 

E. Oherbtdiez and K. N. Btavritch, Heiv. CMm. Acta, 1922, 6, 267; 
A., i, 681. 
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When the reaction is extended to 7 : 9-dialkyl-8-thiouric acids, 
sulphur is again removed, but the alkyl groups and the pyrimidine 
ring remain intact. In accordance with the formula (IV) assigned 
to the resulting deoxyuric acids, acid hydrolysis gives rise to 
dialkyluracils (V), the monoformyl derivatives of which are obtained 
by all?:aline hydrolysis.^® 


Betaines, 

The discordance between the ordinary formulae for the various 
types of betaines, including certain dyestuffs like gallocyanine, 
rosindone, and cyanidine, and the usual stereochemical conceptions 
is well Imown. It has now been suggested that, the betaine 
structure is not cyclic in the ordinary sense, but represents a dipolar 
unit, for example (I), 

O-OC-R-NMe, IMeaN-CeH^-CH MeaN-CeH^-CH _ 

(I.) ^ (II.) CH-COgMe CH*C0*0 

containing within itself the opposite charges carried by the sodium 
and chlorine ions in solid sodium chloride. The analogy supplies 
an explanation of the high melting point and the low solubility 
in organic solvents which characterise the amino-acids and 
betaines. In further confirmation of this view, it has been shown 
that a betaine results from the hydrolysis of the quaternary 
methiodide of methyl ^Jraw^-p-dimethylaminocinnamate (II).^® 
Similarly, the salts of dibasic acids with multivalent metals are 
to be compared with calcium carbonate. 

Carnitine is now considered to be a P-betaine (III), since it shows 
the behaviour of a p-hydroxy-acid, in that it suffers dehydration 
to apocarnitine by concentrated sulphuric acid at 130®.^^ This 
reaction distinguishes carnitine from the synthetic product, 
with which it had previously been thought identical. The formula 
also explains the formation of p-bromobetaine (IV) from carnitine 
on oxidation,^® 

MeaN-CHo-OH-OHa-OH MegN-CHa-CHg 

<“•> io-5 io-5 

Apophyllenic acid is probably a 4- (I) rather than a 3-betaine, 

so H. BUtz and others, Annalen, 1922, 426, 237 — 299; A., i, 380 — 384. 

P. Pfeiffer, Ber., 1922. 55, [B], 1762; A., i, 720. 

*» Compare A. Keis, Z. Bhysilc, 1920, 1, 204; A., 1920, ii, 537. 

P. Pfeiffer and G. Haefelin, Ber., 1922, 55. [B], 1769; A., i, 738. 

2* R. Engeland, •ibid., 1921, 54. [B], 2208; A., 1921, i, 880. 

2® B. Fischer and A. QOddertz, ibid., 1911, 44, 3279; A., 1911, i, 19. 

2» B. Fngeland, ibid., 1909, 42, 2467 ; A., 1909, i, 661. 
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since synthetic 3-methyl 4-ethyl 2 : 6-climethylcinchomeronate 2’ 
is converted by treatment with methyl iodide and moist silver 
oxide into methyl, not ethyl, 2 : 6-dimethylapophyllenate (II) : 


(I-) 


co-o 

l^'^COaH 
-j- NMe 


COaEt 

/NcOoMe 

Mel^^Me" 

N 


co*o 

f^NcOgMe 

-1- NMe 


(II.) 


The new betaine notation furnishes a possible explanation of the 
apparent anomaly that silver apophyllenate is not converted by 
methyl iodide into methyl apophyllenate, but into the isomeric 
betaine.2® 


TJie Pyridine Orouj), 

Attention may be directed to a discussion of the separation of 
pyridine, and its methyl and dimethyl derivatives from coal tar 
oil in a state of purity.^^ 

A formula of the type (I) is suggested in place of ih(’! usual 
ketonic formula for the y-pyridones, on the gx’ound that these do 
not show ketonic reactions and are colourless. Although an additive 
compound (IT) of 

OMe OMgMe 

(H.) ^ (in.) 

Ph-^ (I.) Ph-^ 

of JV'-phenylpyridone with methyl iodide may bo prepared,®^ its 
properties are not those of a true ammonium iodide, since the 
corresponding hydroxide reverts to the pyridone when its solution 
is evaporated, as does the additive compound of the pyridone 
with magnesium methyl iodide (III) when treated with acid. 
Further, the changes observable during the course of the reaction 
between chelidonic acid and amines suggest that this occurs in 
three stages, which are thus represented : 

Compare Ann, Eeporta^ 1918, 15, 101, 

O, Mumm and F. Gottschaldt, Ber,, 1922, 55, [B], 2064, 2075; A,p 
i, 861, 862, 

J. G. Heap, W. J, Jones, and J. B. Speakman, X Amer, Ohem» Bac«, 

1921, 48, 1936; i, 171, 

A. F. SmimojK, HeZv, CMm, A&ta, 1921, 4, 599; A,, 1921, i, 594; Ben, 

1922, 55, [B], 612; i, 464. 

81 Wr Bprsch© and I. Bonacker, Ben, 1921, 54» t^]» 2678; A,, i, 50. 
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CO 

HOaC-O'i^^'C-COaH 

O 


CO 
/\ 

QH CH 

C-CO,H 


“>• I I 

HOaC-(p ^ 

NHR NHR 




(IV.) 


A 

HOaCil^^lcOaH 

NR 


AA 

i| O II + 2COa 

\A 

NR 


In the first, at the ordinary temperature the pyrone ring is opened. 
In the second, a homogeneous coloured fluid melt is produced, 
which in the third stage passes into the colourless final product. 
Corresponding with (IV), a yellow p-tolyl derivative was isolated, 
and shown to furnish a phenylhydrazone. 

A comparison of the ketone (V), synthesised in the usual manner, 
with the corresponding ethyl ketones, A-methyl-conhydrinone 
and -^’^opelletierin, has shown that it resembles the latter rather 
than the former in its ready semicarbazone formation, but that its 
carbonyl group is not so easily reduced to a methylene group as 


(V.) 



OHa 

CH^ 

A\ 

lANcHg 

9^2 9H2 

Sl^^CH-COMe 

CH. CH-COMe 


AA 

NMe 

NH 


(VI.) 


that of either of the others. All attempts, whether by direct 
or by indirect demethylation, to prej)are piperidylethanone (VI) 
were unsuccessful. 

The condensation of a-picoline methiodide with p-dimethylamino- 
benzaldchyde results in the fox'mation of a product (I), which 
constitutes the most powerful sensitiser yet kno^vn for green light 
for gelatino-silver bromide photographic plates.®^ 

(I.) Me^N 

Interpretations of the reactions ensuing on the partial reduction 
of the pyridine nucleus have been considerably revised, as a 
result of parallel investigations. Of these, perhaps the most 
illuminating are those concerned with the formation and reactions 

32 K. Hess and W. Corleis, Bcr,, 1921, 54, [J5], 3010; A„ i, 170. 

W. H. Mills and (Sir) W. J. Pope, T., 1922, 121, 946. 

Compare Ann* JEteports^ 1920, 17, 106; 1921, 18, 134. 


V 


"\--gh:ch 4 


I 

miel 
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of diacetyltetrahydrodipyridyL®^ This colourless compound, when 
prepared from pyridine, is accompanied by a small proportion of 
an orange product, identified as diacetyldi hydro dipyridyl (II). 
This is easily oxidised by air or by bromine to yy-dipyridyl, or its 
perbromide, respectively, and may be obtained by adding acetic 
anhydride to the blue solution produced when dipyridyl is reduced 
by zinc dust and acetic acid.^^ It seems not to be directly obtain- 
able from the tetrahydro- derivative, but is produced when this is 
heated with dipyridyl in acetic anhydride solution at 100° : 

2N<^^ + AcN=/~^=<^ ^=NAc (H.) 

The significance of this lies in the fact that hot solutions of the 
tetrahydro-compound become blue only in presence of air (which 
is known to produce dipyridyl), or on the addition of dii^yridyl. 
The blue colour therefore appears to be associated with tb<‘ prc'sence 
in solution of dihydrodipyridyl or a derivative. This infi»reiu*e is 
confirmed by the composition of di])yridyl violet chiorido ''' (i), 
prepared by reduction of dipyridyl with one equivalent of chronious 
chloride in presence of calcium chloride ; 


(I.) 01 / \ I Cl 

i X—/ Xtsi ' i 

I \h i 


It will be noted that this compound differs from most quinhydrones 
in that the quinonoid portion is the reduced part of the molacixle, 
and becomes aromatic by oxidation. 

It has been recognised that the bhio solutions obtained from the 
brown ‘‘ benzoylpyridinium,^^ yellow <liincthyl- and dieihyi- 
tetrahydrodipyridyls/' and red ‘‘ benzylpyridinium/’ most prob« 
ably owe their origin to similar reactions. The last compound 
has been definitely recognised as iV'i'^-dibenzyldihydro-yy-dipyridyl, 
but an account of this work is unueccseary, since in many respects 
the results are analogous to those just detailed. The oI>vIoiib 
inference from the above that hydrogen atoms in the y-positioxx 
of the pyridine nuclei of the parent compoundB are essential to 

O. Dimroth and F. Frister, Ben, 1922, 55, [B], 1223, 3603; A., i, 678. 

The earlier statement, that the tetrahydro -compound is formed by tliis 
reaction, has been withdrawn ; loc. cU., 1223, footnote 2. 
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the production of blue solutions has been confirmed by an examin- 
ation of the corresponding yy-dicoUidyl and di-2 : 4-lutidyl com- 
pounds.^^ 

PicrorocelUn. 

Picrorocellin is the colourless mono-O-ether of 2 : 5-diketo- 
3 : 6-di-<o-hydroxybenzyl-l-methylpiperazine since on treat- 

ment with hydrochloric and acetic acids, it is converted into pale 
yellow xanthorocellin (II). The constitution of this product 
follows from its oxidation to benzaldehyde (and benzoic acid), and 
2:3:5: 6-tetraketo-l-methylhexahydro-l : 4-diazine (III), identical 
with the compound prepared by condensation of methyloxamide 
and oxalyl chloride. Since, further, methylation of the secondary 
amino- and the free hydroxyl groups of picrorocellin jdelds an 
internally compensated product, it follows that this, and hence 
probably also picrorocellin itself, has a ^ra?^5-configuration.. 

•H-CHPh-CH-NMe-CO ^ CHPh:C-NMe“CO CO-NMe-CC 

CO-NH—CH-CHPh-OH CO-NH-C:CHPh CO-NH-CC 

(I.) (II.) (III.) 

The Quinoline Group. 

Quinoline and its derivatives rapidly absorb four atomic pro- 
portions of hydrogen in their pyridine nuclei, when they are reduced 
in presence of nickel salts under pressure, but the subsequent 
stages of reduction to decahydro-derivatives proceed much more 
slowly.^® 

The s37nthesis of cinchonio and quinic acids has continued to 
engage attention. The preparation of cinchonic acid by decom- 
position of the quinoline-2 : 4-dicarboxylic acid resulting from 
the condensation of pyruvic acid with isatin has been extended 
to 6-methoxyisatin for the purpose of preparing quinic acid.^^ 
But the process would not seem to be as convenient as that in 
which 6-methoxyquinoline serves as a starting material.^^ Another 
process is outlined in the foUowing scheme : 

B. Emmert and others, Ben, 1921, 54, [B], 3168; 1922, 66, [B], 1352, 
2322; E. Weitz and others, ibid., 395, 699, 2864; A., i, 179, 680, 1064, 365, 
470, 1186. 

M. O. Forster and W. B. SaviUe, T., 1922, 121, 816. 

»» J. V. Diibsky, Ben, 1919, 52, 216; A., 1919, i, 288. 

tf. V, Braun, A. Petzold, and J. Seaman, ihid.^ 1922, 65, [B], 3779; A*, 
1923, i, 136. 

W. Pfitzinger, J. pr. Chem., 1902, [ii], 66, 263; A., 1903, i, 53. 

J, Halberkann, Ber., 1921, 54, [B], 3079; A., i, 172. 

« A. Kaufmann, md., 1922, 55, [B], 614; A., i, 464. 
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COpEt 


X/^NMe-COMe 


+ (COaEt)^ 


C-COgEt 
J-CH 

NMe 


^NMe-CO 
CO 2 H 



HjSO, 




In this case the elimination of the halogen atom remains to be 
accomplished.^^ 

The 2-hydroxy- and 2 -phenyl- derivatives of 3-phenylcinchonic 
acid undergo internal condensation when treated witlx sulphuric 
acid.^^ 


(Id 



OH(or Ph) 



(IL) 


As would be expected by analogy with fluorenone, the resulting 
ketones (I) are yellow, whilst di-2-quinolyl ketono (II), prepared 
by hydrolysis of the condensation product of nitrosodimethyl- 
aniline with diquinolylmethanc, is colourlessA^ 

Reduction of ethyl 2 : 2'-dimtrodibenzylmalonate furnishes bis- 
hydrocarbostyril-3 : 3'-spiran (III), which is interesting owing to 
the asymmetry of its molecular structure : 


(HI.) I I - \a<( j 1 

XX^NH-CO"^ ^CO-NH X/ 


/X-OHa- 
I*< 

s/X 


\/\0-C0'^ ^CO-NH/XX 

(IV.) 


/X.^CH2-v ^ /X 

I 1 I I 

X/'^ O-CO-^ -o-oo xx 

(V.) 


Accordingly, its 6 : 6'-disulphonic acid has been rcjBolved into 
optically active components by means of the quinine salts. The 
^piro-compounds (IV) and (V) were also prepared in th<s course 
of this investigation.^^ 

The constitution previously attributed to the cyanines has 

E. Thielepape, Ben, 1922, 55, [B]a27; A,, i, 271. 

Farbw. vomi. Meister, bxieixas, <& Brtoiug* B.B.-P. 343322; i, S57. 

C. Scheibe and G. Schmidt, Ben, 1922, 65, [B], 3107 ; A., i, 1190. 

H. Xteuebs aaid H. v. Katinszky, 710; H. Il»oucbs, (Miss) K. Conrad, 
and H. v. ICatinszky, 2131 ; A., i, 471, 873. 

Compare Ann, Beponfe, 1920, 17» 121. 
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been confirmed by a synthesis o£ pinacyanol from quinaldine 
ethiodide and ethyl orthoformate in presence of acetic anhydride 
or zinc chloride : 



This reaction, it may be noted, is common to the benzothiazoles 
and to the dialkylindolenines,^^ in which the •CHICH* group of 
the quinoline nucleus is replaced respectively by IS and ICR 2 * 
Further, it has been shown that the absorption curves, whether 
in neutral or in acid solution, of pinacyanol and of diethyK^o- 
cyanine are almost identical in form. This is a particular case of 
a valuable generalisation that the absorption curves of compounds, 
the relationship of which is expressed by the formula (I) and (II), 
are very similar, to an extent increasing with the value of n. 

(I.) (H or) (or H) 

(II.( H or ICH]5;rrrOH:CH-N<ff^ H) 

The same paper contains a general review of the various types 
of cyanines, and proposals for a comprehensive system of nomen- 
clature to replace the present somewhat trivial designations, and 
capable of application to products in which the unsaturated carbon 
chain between the nuclei is prolonged. Compounds of this type 
have yet to be prepared, but experiments in this direction will not 
))e lacking in view’* of the obvious interest attaching to them. 

The two dyestuffs, which result from the action of a base, pre- 
ferably pyridine, on a mixture of the alkyl iodides of benzothiazole 
and its 1 -methyl derivative, correspond in general properties to 
the cyanines. This similarity extends to their constitution, for 
the yellow diethylthiocyanine iodide has been synthesised by the 
reactions indicated : 

« Compare W. Hdnig, J. pr. Chem., 1911, [ii], 84, 194; A., 1911, i, 808. 

W. HOnig, Ber., 1922, 56, [BJ, 3293; A., i, 1188. 

A. W. V, Hofmann, ibid., 1887, 20, 2262; W. H. Mills, T., 1922, 121, 
465 ; W. H. Mills and W, T. K. Braunholtz, md., 1489. 
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I c:cH-c 


Et/' \t 


S 


CHo*C 


s 


N 

tnonoetbilodide 
^ 4.aifcSi 


; 





The virtual tautomerism observed in the case of the z\90cyatnnes 
recurs in the thiocyanines,^^ for the same methyl diethylthiocyanine 
iodide (I) is obtained, whether the ethiodides of 5- and 1 -methyl - 
benzothiazoles or of 1 : 5-dimethylbenzothiazolo and benzothiazole 
be condensed. 


(I.) 


S S 

Y 

Et^ \I Et 




The purple compounds formed simultaneously with the thiocyanines 
correspond with the carbocyanines, and are formed in a similar 
manner by the linking up of two molecules of 1-methylbenzo- 
thiazole alkyl halide through a me then yl group derived from thc^ 
benzothiazole alkyl halide. The s 3 mthesis of these thiocarbo- 
cyanines has been referred to above, although in this case es:peri- 
mental details are not yet available. 

Thio^secyanines (II) have been synthesised, and resemble the 
i^ocyanines in their general characters. 

The indenoquinolines (I) and (II) result from thc^ condensation 
of o-aminopiperonal with a- and p-hydrindonc^s, rc^Hpeotively,^'’*^ 
The anhydro-base derived from the mothosulphate of (II) is purple 
and therefore is written as (III), the relationship between (IT) 
and (III) being akin to that of the colourless and <H>l<)ured forms 
of diquinolylmethane.®^ 

Compare Ann^ Beports^ 1920, 17, 122. 

W. T. K, Braunholta and W. H. Mills, T., 1022, 121, 2004. 

J. W, Armit and Hobinson, tdid., 827. 

Compare Ann, BepotU, 1021, IS, 117, 
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The condensation of isatin with oc-tetralone (tetrahydro-a- 
naphthol) in presence of potassium hydroxide is a similar reaction 
to that just referred to. The product, 3 : 4-dihydro-l : 2-naphtha- 
cridine-14-carboxylio acid (IV), is termed tetrophane to recall 
its similarity in constitution to atophane (V), but the two differ 
profoundly in their pharmacological action.^® The new compound 
resembles strychnine in its action on the spinal cord. 



When indigotin is boiled with aniline, preferably in presence of 
a condensing agent, reaction occurs, probably in the normal manner 
l)otwecn the carbonyl and the amino-groups : 

CieHxoO^Na + == + SH^O. 


The product, which furnishes isatin on oxidation, is rearranged 
by wai'm dilute mineral acid to an isomeride, no longer oxidisable 
to isatin, but which on hydrolysis yields aniline and o-amino- 
benzoyl-S-quindoline 

A number of 9-aminoacridincs hav^e been described, and are 
found 1*0 possess bactericidal properties. 

The method of separation of ^.s'oquinoline from coal tar quinoline 
depending on the greater basicity of the former has been improved.®’ 

,T. V. Bratm and P. Wolff, Ben, 1922, 55, [B], 3G75; A„ 1923, i, 143. 

iu, Grandmougin and E. Dessoulavy, ^bzd., 1909, 42, 3636, 4401; A», 
1900, i, 068; 1910, i, 73. 

jO. (Grandmougin, Com'pt, rend,,, 1922, 174, 1175; A,, i, 584. 

M. U B„ BHt, Pat, 176038; A., i, 468. 

B. Weissgerber, Ben, 1914, 47, 3175; A,, 1915, i, 302. 

SI J. E. G. Harris and (Sir) W. J. Pope, T„ 1922, 121, *1029. 
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A review of the attempts made to s 3 ni.thesise isoquinolines from 
compounds of the type (I) has led to the conclusion that success 
is only attained when the compound contains a system of conjugated 
double bonds, and a hydroxyl or alkyloxy-group in the p-position 
to the nitrogen atom, or when such a system can be formed in the 
course of the reaction.®^ 


-c— c- 


Ph 


^C- 


- 1 - 



(I) 


(II.) 



(III.) 


s 

PhJ^ — ! 1 n 


(IV.) 


It has been shown that but not 3-, methyl iisoquinoline con- 
tains a reactive methyl group, and that 4-phenyl-2-methyl- (IV), but 
not 2-phenyl-4-methyl-thiazole is similarly reactive. The difference 
is attributed either to the direct influence of the double bond 
between the nitrogen atom and the carbon atom, contiguous to 
the methyl group, or to the possibility which this confers of the 
formation of a tautomeride, for example (TTT).^^ 


Alkaloid.^. 

Earlier investigations of ricinine had shown that it rc^sponded to 
the tests for the presence of a glyoxaliiie ring,^'^ contained one 
methylimino-group,®^ and was broken down by 57 per cent, 
sulphuric acid into ammonia, carbon dioxide, and a compound, 
C 7 H 0 O 2 N. The presence of a pyridine ring in the alkaloid had 
previously been suspected,®® and it has now been shown ®^ that the 
product just mentioned is a pyridone, since it is also obtained by 
spontaneous loss of methyl iodide from 2 : 4-dimethoxypyridine 
methiodide (I). Of the two possible fornmlia thus indicated, 
(II) is adopted, because the boiling point of the compound BuggentH 
that it is derived from iS7“-methy 1-2 -pyridone rather than from 
the 4-isomeride, and ricinine is considered to he most probably 
either (III) or (IV). 

P. Staub, Mdv. Chim. Acta, 1922, 5, 888; A., 1923, i, 140. 

W. H, MiIIh and J. L. B. Smith, T., 1022, 121, 2724. 

K. BehxHm and E. Winterstein, Z. phyaioL Ohem., 1904, 4B, 211; A., 
1905, ii, 112; B. Bottcher, Ber., 1918, 51, 073; .4., 1918, i, 304. 

B. Bottcher, toe. dt. 

X». Maqnenne and B. Philippe, OompL rend,, 1904, 138, 506; 130, 840; 
A., 1904, i, 339; 1905, i, 80; B. BOttoher, loc* cit, 

E. Spiith and E. Tsohelnitz, Monatah,, 1921, 42, 251 ; A,, i, 571. 
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Of the four asymmetric carbon atoms in the general formula 
(V) of the cinchona alkaloids, it is already known that the spatial 
distribution of the groups respectively attached to (1) and (2) is 
similar in each of the alkaloids, and dextrorotatory in total effect. 
Also, the stereoisomerism of cinchonine and cinchonidine, or of 
quinine and quinidine is conditioned by the different distribution 
round ( 3 ). Attention has now been drawn to the fact that of 
the four possible reduction products of hydrocinchoninone,'^® the 
most dextrorotatory is dihydrocinchonine, whilst the most Isevo- 
rotatory is dihydrocinchonidine. If the principle of optical super- 
position be adopted in a semi-quantitative sense, it follows that 
in dihydrocinchonine, and hence in cinchonine itself, the effects 
of ( 3 ) and ( 4 ) must be both dextrorotatory, whilst in cinchonidine 
and its dihydro-derivative they are centres of Isevorotation. The 
extension of these conclusions to the other alkaloids is based on a 
comparison of the rotatory values of the allcaloids, their mono- 
chloro-derivatives, and their deoxy-derivatives. This indicates 
that quinine, dihydroquinine, cinchonidine, dihydrocinchonidine , 
and ethylhydrocupreine (optochin) are ahke in configuration, but 
differ in this respect from quinidine, hydroquinidine, cinchonine, 
and hydrocinchonine. A conception of the absolute nature of 
the sjDatial distribution of the groups round each of the four carbon 
atoms in question is still lacking, but appears to be deducible if 
further investigation should confirm the statement that internal 

ethers, 0 <C 7N0. are obtainable from hydroxydihydro- 

cinchonine but not from hydroxy dihydrocinchonidine. For such 
ether-formation would seem to demand that the •CH3*GH(OH)* 


P, IBabe and others, Annalen^ 1910, 373, 89; A*, 1910, i, 417. 
H. King and A. B. Palmer, T,, 1922, 121, 2577. 

Compare Ann, Eeports^ 1921, 18, 140. 

Compare ibid,, 1920, 17, 120. 
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and the •CH(OH)* groups, respectively attached to (1) and (3), 
are on the same side of the piperidine ring structure, but on the 
opposite side to the methylene groups of the quinuclidine bridge. 

It need scarcel^^ be pointed out that the asymmetry of the ter- 
valent nitrogen atom in these alkaloids does not incroaso the 
number of isomerides possible, because the spatial distribution of 
the groups attached to it is not independently variable. This, 
however, does not apply to the cinciio- and quina-toxins, and 
correspondingly it is found that although the conversion of the 
toxins prepared from the alkaloids furnishes yields exceeding 80 
per cent., these only amount to 50 per cent, when synthetic toxins, 
presumably composed of a mixture represented by (I) and (II), 
are employed, 

(I.) _> N-CH UN VH, 

CO— CO— ’ CO— 

The quinuclidine nucleus would seem to be in some way respon- 
sible for the pneumococcidal properties of tfjo cinchona alkaloids, 
since neither dihydroquinatoxin nor the corresponding secondary 
alcohol is as ejBBLcient in this resj^ect as dihydroquinine.'^^ 

A revision of the results of earlier workers has shown that ilic 
quinoline nucleus is attacked when dihydrocinchoniuc is reduced 
in amyl-alcoholic solution by sodium. The three products isolated 
— hexahydrocinchonine, together with epimcric a- and p-hexa- 
hydrodeoxycinchonines — each show the rcactioixs of secondary 
bases, 

On the other hand, it is suggested that the quinuclidine, rather 
than the quinoline, nucleus is attacked when quinine is convertt^d 
into an amino-oxide by treatment with hydrogen peroxide. This 
conclusion is based on the fact that the reaction does not apply 
to quinoline, but that similar compounds have been obtained from 
quinidine, dihydrocupreine, and optochin. This argument, how- 
ever, does not seem very satisfactory, since cinchonine does not 
react in this manner. Quinine oxide is sufHciently stable to permit 
of its reduction to dihydroquinine oxide. 

The 5-, and, less readily, the S-amino-groups of 6 : 8-diamino- 
6-methoxyquinoline are rej)iaced by hydroxyl when the compound 
is boiled with hydrochloric acid. 5 : S-Diaminodihydroquinoiino 

Babe, Ben, 1922, 55, [B], 522; A., i, 351; Babe, K, Kliudler, and 
O, Wagner, ihid,^ 532; .A., i, 361. 

)||^^» M. Heidelberger and W. A. Jacobs, J. A wen Chem. 1922, M, 1098; 

A., i, 673. 

W. A. Jacobs and M. Heidelberger, ibid., 1079; A., i, 672. 

B. Speyer and A. G. Becker, Ben, 1922, 55* fB], 1321; A-, i, 674. 
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reacts still more readily, so that apparently the intermediate 
hydroxyamino-compound is not isolated. But, on the other hand, 
5 : 8-diaminoquinoline is recovered practically unchanged.^® This 
favourable influence of the 6-methoxy-group is also observed in 
the analogous case of the hydrolysis of benzeneazo-5-amino- 
quinoline. 

The position of the methoxy-group in harmine and harmaline 
has now been conclusively fixed by the reduction of synthetic 
methoxyketomethyldihydrocarboline (I) (see p. 128) in butyl 
alcoholic solution by means of sodium to a base, which must be 
iV'-methyltetrahydronorharmine (II), since it may be similarly 
obtained from norharmine methosulphate (III) : 
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Furthermore, synthetic J7-methyltetrahydronorharmine has been 
oxidised by potassium permanganate in acetone solution to the 
neutral substance (IV), originally obtained by similar means from 
harmaline (V), thus confirming the formulae of these two com- 
pounds. The neutral substance has also been reduced to iV^-methyl- 
tetrahy dronorharmine . ^ 

The oxidation of norharman methosulphate to ketomethyl- 
dihydrocarboline is evidence that in the free compound addition 
of methyl sulphate occurs on the pyridine rather than on the 
pyrrole nitrogen atom, in agreement with an earlier suggestion 
that the former was the more basic of the two. 

In accordance with the formula (I) previously suggested for 
rutaeoarpine, which accompanies evodiamine in JEJvodia rutcecarpa,^^ 
the former is almost quantitatively converted by treatment with 

W. A* Jacobs and M. Heidelberger, «/. Amer. Ghem, Soc., 1922, 44, 
1073; .d., i, 671. 

Ann. Reports^ 1921, 18, 138. 

W. O. Kermaok, W. H. Perkin, and R. Robinson, T., 1922, 121, 1872. 

W. H. Perkin and R. Robinson, ibid., 1919, 116, 933. 

Y. Asabina a^nd S. Mayj 0 day J". Pharm. Boc. Japan, 1916, No. 416; A. 
1921, i, 48 ; compare Ann. Reports, 1921, 18* 1426 
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amyl alcohol and potassium hydroxide into 2-p-aminoethylindole- 
3-carboxylic acid, from which 2-P-aminoethyiindole itself is obtained 
by means of hydrochloric acid : 




to- 






tCOoH -_> 






(I.) NH CHa 


NH 


NH 


A new isomeridc of tropinc has been isolated from among th(» 
basic residues remaining after removal of ecgonine from the products 
of hydrolysis of the coca alkaloids, but no constitutional formula 
has been assigned to it.®^ The hydroccgonidino prepared by 
catalytic reduction of anhydroecgonine consists of two stcreo- 
isomerides.®® It would therefore seem that the older formula ** 
for anhydroecgonine (I) must bo replaced by (JJ), and this is 
supported by the observed exalted molecular rcdraction of the ethyl 
ester of anhydroecgonine as compared with that of hydroeegonidine. 


(1.) 


CHa-CH— CH-COaH 

ibde 6 h 
GH 2 - 6 H— iin 


CHa-CH— C-COaH 

:^Me <3h (II.) 

CHa-CH— (JHa 


The formula attributed to Bcopoline han been reviHed on 
interesting stereochemical grounds. It had previously been a 
matter for comment that whilst not more than two optically 
active forms of the alkaloid had been obtained,^® the products 
of its hydrolysis were each known to contain asymmetric carbon 
atoms. Further, when the asymmetry of the tropyl residue in 
the alkaloid was destroyed by converting the latter into aposcopoh 
amiixe (III), the latter could not be resolved : 




® ^CO-OSc 


C«H 


® ^CO-OSc 

(in.) 
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'eH5-CH< 


CHa 

C0-08c 


Y. Asarbina and A. Fujita, J.Pharm. tSoc Ja-pan, 1021, 863; A., i, 47. 
** J. TrSger and K. Sohwarzenberg, Arch. Pharm., 1021, 289, 207; A., 
i, 167. 

®* J. Gadamer and C. John, ibid., 227, 244; A., i, 167, 67S. 

«* B. Willstatter and W. MCller, Ben, 1898, 81, 2665; A., 1890, i, 178, 

** Compare Ann. Reports, 1920, 17, 127 ; 1921, 18, 143. 

H. King, T., 1919, 116, 476, 974; Ann. Reports, 1919, 16, 117. 

•’ H. Tutin, T., 1910, 97, 1703. 
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Again, the (^-phenylpropionate resulting from the reduction of 
a^oscopolamine consisted of only one racemate. When, however, 
the attempt was made to S 3 mthesise the same compound from 
scopoline and cZ-phenylpropionyl bromide, the product was com- 
posed of two readily separable racemates. The remarkable con- 
clusion was therefore reached that the alcohol of which scopolamine 
(I) is the ester is probably internally compensated, but suSers a 
rearrangement, when liberated by hydrolysis, into the asymmetric 
scopoline (II). These relationships are represented as follows : 
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The formula thus assigned to scopoline had been previously 
suggested to account for its conversion into 1 : 2-dihydroxy- 
tropane, and for the natural occurrence of scopolamine and tropine 
in the same plant. In the formula (III) suggested at the same 
time for teloidine, as a concomitant of the bases just named, the 
1- and 5-hydroxyl groups are probably in the ^mn^-position, since 
the formula (II) for scopoline shows that c^’^-hydroxyl groups 
would probably give rise to an oxide ring. A fuller account has 
also been given of the products obtained by the degradation of 
scopoline by exhaustive methylation. 

The structural relationship so frequently observed between 
alkaloids which occur together is also well illustrated by the 
formulae assigned to five of the seven known cactus alkaloids. 
Anhaline (I) has been identified with hordenine,®® whilst mezcaline 
(II) is known to be [3-3 : 4 : 5-trimethoxyphenylethylamine.®^ It 
has now been shown that A-acetylmezcaline may be converted 
by the usual means into 6:7: 8-trimethoxy-l -methyl- 1 ; 2 : 3 : 4- 
tetrahydro^ 5 oquinoline, from which by reduction the corresponding 

K. Hess and O. Wahl, Ber., 1922, 65, [J5], 1979; A., i, 854. 

H. King, loc, cit.f p. 487. 

B. Spath, Monatsh., 1919, 40, 129; 1921, 42, 263; A., 1919, i, 548; 
1922, i, 667. 

Idem, ibid., 1919, 40, 129; A., 1919, i, 548; compare Ann. Beports, 1919, 
16, 123. 

Idem., ibid., 1921, 42, 97; A., i, 163. 
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tetrahydroi^oquinoliiie is obtamed. This, and its iV-inethyl 
derivative, are 
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respectively identical with the O-methyl deri vati\'es of anhalonidine 
(III) and pellotine (IV). It therefore only reniains to detorniinc 
which of the three methoxy-groujis of the synthetic comi^onnds 
corresponds with the phenolic hydroxyl in the two alkaloids. The 
probable mode of attacking this problem is indicated by that 
successfully adopted in the case of anhalamine (V), and indicated 
in the following scheme reju'esenting the synthesis of this base 
from gallic acid : 


C6H2(0H)3-C02H -> CeHaCCOaHXggg^aCS : 4] 
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Again, the bases which accompany paimatine. iii the calumba 
root, and are separated from it by successively c^xtracting the 
mixture of the iodides of the bases with potassium carbonate and 
with potassium hydroxide, are now shown to furnish 011 methyl- 
ation products, not only identical with each other, but also witli 
palmitine. The identity also extends to the tetrahydro- bases 
and therefore it follows that the calumba root contains besides 
palmatine, phenolic bases having one or more free hydroxyl groux)s 

E. Spath and H. Rader, MonaM., 1022 , 4 S, 03 ; A., i, 852 . 
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in place of methoxyi groups in palmatine, or else phenolic oxygen 
combined with complexes easily removable by hydrolysis. It 
should be noted, however, that the homogeneity of the above two 
basic extracts, columbamine and iatrorhicine, is not quite certain.®^ 

The formula previously assigned to laudanine has been con- 
firmed by synthesis. This follows the course now so familiar 
as to be almost conventional in such cases, and furnishes another 
illustration (compare the synthesis of anhalamine, above) of the 
device of masking a phenolic hydroxyl group throughout such a 
synthesis by its conversion at the outset into an ethylcarbonato- 
group, from which it can be regenerated at the conclusion. 

The need for a revision of the formula of corydaline has been 
admitted, and (I) is now suggested, since dehydrocorydaline, 
derived by removal of four hydrogen atoms through the agency 
of mercuric acetate, is found to undergo the Cannizzaro reaction 
with sodium hydroxide. 
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Passing reference has already been made to an investigation of 
^.sochondodendrine, in which considerable progress has been made 
towards the determination of its constitution. But it would seem 
advisable to defer a fuller account of this until one or two out- 
standing points have been cleared up by further investigation. 

Several papers have appeared on the chemistry of the morphine 
alkaloids and of strychnine, but these are not of a character which 
may usefully be dealt with here. 

J. Kekneb. 


E. Spath and K. Bohm, Ber., 1922, 55, [B], 2985; .4., i, 1174. 

Compare Ann, Reports, 1921, 17, 144. 

B. Spath andlST. Bang, Monatah,, 1921, 42, 273; A., i, 568. 

J. Gadamer and P. von Bruokhausen, Arch, Pharm.^ 1922, 259, 245; 
A„ i, 675. 
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Ai>^ALYTICAL CHEMISTRY. 

This number of analytical papers now being jjublishcd has fuily 
reached the standard of the years before the war, and theix*- 
fore the iDrefatory rj.xnarks to last year's Re]K>rt are stili more 
applicable to the present Report. 

Physical Methods. 

The useful process of sejmrating the constituents ol minerals 
by treatment with liquids of different density has b(*cn extemded 
by the introduction of three colourless liquids, naniel 3 % barium 
bromomerc urate solution, saturated aqueous thallium formate 
solution, and a mixture of aqueous splat-ions of thallium foianatc 
and malonatc. By using these at different temperatures a range 
of density from 3*1 to moi’e than o is obtained A 

There have been several new apx>Iications of s]>ect.roscox>y to 
analytical work. Ror cxamjjle, it has been shown that the Hpe<itro- 
scope affords the most accurate means of distinguishing between 
esBsium and ru]>idium ; also, that germanium may he. i^asily 
identified by its arc sjiectrum, which sliows a charaeitulsiie in 
the blue region.^ 

In a further develox>ment of a res<'ar<dx on spc^ctrojxhotoxjrudfy ^ 
it has been found that the nietliod, when used in fjoiij unction 
with data previously I'ceorrled, will enable the ])rox>oriion of euol 
in keto-enol mixtures to be (\stiniated with a fair degree of accuracy, 
provided it is possible to asc(‘rta,in the fq>tical constants of the 
respective pure constituemts.^ 

By making mixtures of jxim* argon with purc^ xenon and with 
X>ure krypton, and determining the pressure at whi<*h the spectro- 
photometric intensity of selected linos in the sxxectra af the rx^- 
spective mixtures becomes equal to that of cori‘csponding Hclectcd 
lines in the argon spectrum, it has be<m found posstbk^ to calculate 
the proportions of xenon and krypton in the two mixtures.** 

^ B. Oierici, AUi P. Accad. Lincei^ 1022, [v], 31, i, llC; A., ii, 578* 

^ J. Missenden, Ohem. Newa^ 1922, 124, 362; A., ii, 658* 

* I* Papish, 3; A*, ii, 163. 

* K. von Auwers and H. Jacobsen, A^inaZen, 1918, 415, 169; A., 1918, 
ii, 3S1* 

« Idem, ihU., 1922, 426, 161; A., ii, 168. 

« C. Moureu and A. Bepapo, Oompt^ rend., 1922, 174, 908; A., ii, 394. 
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The difference in the colour reactions of methvKurfuraldehyde 
and hydroxymethylfurfuraldehyde when converted into phloro- 
glucides may be sharply distinguished by the use of the ultra-violet 
spectroscope,'^ 

Mention may also be made of a new method of colour measure- 
ment based upon spectrophotometric measurements.^ 

The more recent work on nephelometry has included a study 
of the cause of the deviations from the proportionality between 
the amount of diffracted light and the concentration of coloured 
sols and turbidities. It is due to the selective absorption of light 
by the coloured particles, and may be prevented by the use of 
suitable light filters placed between the source of light and the 
nephelometer.^ 

A new type of nephelometer has also been devised in which the 
two fields are made concentric. By using two Nicol prisms, by 
which the light can be registered and regulated, in place of one 
of the tube systems in this instrument, a permanent standard may 
be established.^® 

An optical method of estimating the colloidal portion of tungsten 
powder has been based on the absorption of light from a quartz- 
mercury lamp by the solution from which the powder has sedi- 
mented, and the measurement of the absorption by the deflection 
of a galvanometer when the light passing through the solution is 
received on a potassium photo-electric cell.^^ 

A new principle of estimating unweighable quantities of metals 
such as lead or bismuth consists in the use of the radioactive iso- 
topes of the metals as indicators. Since the active and inactive 
isotopes, when once mixed, cannot be separated by chemical 
methods, the detection of the former by means of the electroscope 
is also an indication of the presence of the latter. 

Another application of the electroscopic method of analysis has 
been its use in the estimation of thorium in monazite sand by means 
of the emanation. The percentage of thorium-X is calculated 
from the electroscoiDe readings by means of the formula 

X ^ ATsiT, ^ Tu)IT,{T, ^ T,), 

where A represents the proportion of thorium in a standard sample, 
Ts the time of discharge of the electroscope by this standard 

’ J. Tadokoro, J. Coll. Agric, HoJehaido Imp. Univ., 1921, 10, 52; A., 
ii, 236. 

® H. E. Ives, J. Opt. Soc. Amer.y 1921, 5, 469; A., ii, 221. 

» H. Beehhold and F. Hebler, Kolloid Z., 1922, 31, 7; A., ii, 652. 

A. A. Weinberg, JBiochem. Z,, 1921, 125, 292; A.^ ii, 309- 
A. Lottormoser, Kolloid Z., 1922, 80, 53; A,, ii, 230. 

F. Panoth, Z. angew. Chem.^ 1922, 35, 549; A,, ii, 785. 
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sample, the time of discharge by a blank sample free from 
thorium, and Tu by the sample under examination.^^ 

A new thermometric method of titrating acids has been devised, 
the solution being mechanically stirred in a vacuum tube, while 
alkali solution is added at regular intervals in amounts causing 
the temperature to increase by not more than 0"02'^. When the 
temperature readings are plotted as ordinates and the number of 
c.c. of alkali as abscissae, a decided change in the direction of the 
curve indicates the end-point. The method not only gives results 
identical with those given by electrometric methods, but also 
indicates other points at which changes in the nature of the redaction 
take place. 

Gas Analysis. 

The most suitable concentration of pyrogallol solution for ab- 
sorption of oxygen in gas analysis has been ascertained by tabu- 
lating the absorptive capacities of solutions of all c*on<5entrationB in a 
Gibbs triangular diagram for the system j>yrogalIol, potassium 
hydroxide, and water. By this means it has betui found that tlu^ 
best results are obtained by the use of a solution of 20 }>artH of 
pyrogallol and 20 parts of potassium liydroxido iu 60 parts of 
water. 

Tt has also been shown that in using acid cuprous chIorid(‘ solution 
as an absorbent for carbon monoxides the rate of absorption and 
the stability of th<^ reage^nt are increased by the addition of stannous 
chloride. 

For the accurate estimation of hydrogen in the prestuice of gas<H)UH 
paraffins advantage has been taken of its reducing action on 
palladouH chloride, the sej)arated palladium Ixung c‘oll<H't(*d, dritxl, 
and weighed, and calculated into thc^ equivalent amount, of 
hydrogen. 

Various absorbents have >)een tried for the estimation of hydrogen 
phosphide. The gas is completely absorbed by iodic acid solution 
within thirty minutes, and by distilling the liberated iodine into 
potassium iodide solution and titrating the liquid it is possible to 
estimate the phosphine. Or the phosphoric acid in the flask may 
be estimated as magnesium pyrophosphate. Another method is 
to absorb the hydrogen phosphide in standard silver nitrate, mer- 
curic chloride, or gold chloride solution, and to estimate the phos- 

H. H. Helmick, J. Amen C%em. Soc.-, 1921, 4S, 2003 ; it, 164. 

P. Butoit and B. Grobet, J. CMm. phyaigue, 1922, 10, 324; A., li, 578. 

F. HofEmann, Z. angew. €Jhem.^ 1922, S5» 451; A*, ii, 5S2. 

A. Kropf, ihid.^ 461 ; A., ii, 667- 

3*. A. Muller and A. Foix, Bull, Boc, chim,, 3 922, pv'l, S3, 733; 
ii, 665. 
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plioric acid in the filtrate from the precipitated silver, etc.^® A 
special form of absorption apparatus for this process has been 
devised. 

The absorption of carbon dioxide formed in the estimation of 
minute quantities of methane may be rapidly effected in one vessel 
by adding gelatin solution to the baryta absorbent, the resulting 
scum prolonging the contact of the gases with the reagent.^® 
Further particulars have been pubhshed of the method of estim- 
ating benzene by absorption with charcoal.^^ A correction for the 
benzene retained by the charcoal is found bv means of a control 
test.22! 

An accurate thermometric method of estimating minute quantities 
(0*001 to 1 per cent.) of oxygen in hydrogen consists in passing the 
gas through a platinised catalyst at 305°, and measuring the rise 
in temperature, caused by the combustion of the hydrogen, by 
means of a thermo-element connected with a galvanometer.^^ 
Another method of estimating traces of oxygen, which is par- 
ticularly suitable for biochemical work, is to convert the oxygen, 
by means of nitric oxide and sodium hydroxide, into sodium nitrite, 
which is then estimated colorimetrically by means of sulphanilic 
acid and a-naphthylamine.*^^ 

It has been found that when air is used as the source of oxygen 
in slow combustion and explosion methods of gas analysis no 
appreciable error results if the time of burning does not exceed 
three minutes and the platinum wire is not heated too strongly. 
Otherwise, an error of as much as 2 per cent, may be caused by 
the formation of oxides of nitrogen.^ ^ 

When estimating nitrogen peroxide and nitric oxide in gas 
mixtures by absorption with alkali solutions it is necessary to take 
into consideration the fact that if a mist has previously developed, 
owing to chilling of the gas, some of the nitrogen peroxide will have 
been converted into nitric acid and nitric oxide, and that these 
constituents must be absorbed and included in the calculations.^® 
Traces of oxides of nitrogen in air may be accurately estimated 
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2^ H. M. Sheafs, J. Biol. Ghent., 1922, 52, 35; A., ii, 582. 
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by oxidising them with sodium hydroxide solution and hydrogen 
peroxide, and estimating the resulting nitrate colorimctrically by 
the phenoldisulphonic acid method.^^ 

Oxidation with hydrogen peroxide (j)erhydrol) in alkali solution 
is also the basis of a method of estimating sulphur compounds of 
all kinds in coal gas,^® and hydrogen peroxide is recommended as 
an absorbent for sulphurous acid in air.-® 

In connexion with this branch of analysis, mention may also 
be made of a process of estimating gases in metals. A special 
form of apparatus connected with a Toeppler pump is used, and 
the gases collected from a weighed quantity of the metal arc 
examined spectroscopically and then analysed by the usual 
methods.®® 


Agricultural Analysis, 

Considerable attention has been given to thc^ stand ardisatiou 
of the methods for the mechanical analysis of soils, and a I’apid 
method has been devised in which measured amotmts of a sus- 
pension of the soil in a 0*025 per cent, sodium carbotiate solution 
arc withdrawn at measured intervals and a relationship ((‘xpressed 
graphically) is established between the percentage of soil and the 
rate of sedimentation.®^ In order to render humus soils Huita>)lo 
for mechanical analysis, it is necessary to desti'oy th<‘ organic 
matter. This may be conveniently done by heating the soil with 
hydrogen peroxide.®^ 

For the estimation of humus in soils the carbon dioxide^ pnssent, 
as carbonate is first removed, and the soil then oxidis(‘d with 
sulphuric acid and potassium dichromate, the gases from the 
oxidation are conducted through copper oxid(^ and lead <shromatc% 
and the carbon dioxide is absorbed and wtugluxL®® 

It has been shown that the use of a carbon factor for calculating 
the amount of organic matter in a soil is of questionable value, 
and that, in any case, results closer to the truth will be obtained 
by taking the relationship of 50 to 52 per C(mt. of carbon to r<q)r<^sent- 
100 parts of soil, instead of 58 pi^r cent, as at pr(\scnt.®^ 

WTho amount of moisture in soil may bo calculatcHi from the 
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measurement, under specified conditions, of the resistance between 
two carbon electrodes placed in the soil.^® 

A method of estimating the acidity or basicity of a soil, and also 
the amount of soluble iron or aluminium salts, depends on extract- 
ing the soil with alcoholic potassium thiocyanate solution, and 
titrating the extract with standard alcoholic alkali or acid. The 
use of logwood enables a colorimetric estimation of aluminium to 
be made.^® 

Further evidence has been adduced of the untrustworthiness 
of citric solubility as a criterion of the agricultural value of mineral 
X^hosphates, the amounts of extract obtainable varying with the 
conditions.®'^ A modified method of estimating phosphoric acid 
has been devised, in which the precipitation with ammonium 
molybdate is efiected in the cold, and the precipitate ultimately 
dried at 120° and, weighed. Less variation in composition thus 
results than in the case of precipitates obtained in the usual way.®® 

In a combined method of estimating total nitrogen, nitric nitrogen, 
and nitrous nitrogen in fertilisers, the total nitrogen is first estim- 
ated after reduction with f errum redactum ; the nitrites are removed 
by distillation as methyl esters, the residual nitrates reduced 
as before, and the ammonia distilled.®® The digestion with acid 
in the Kjeldahl flask may be greatly accelerated by the addition 
of mercurous iodide, which is much more eflective than mercury 
or other mercury salts 

A simple method of overcoming the difficulty of estimating 
guanidine when guanylcarbamide is present as an impurity is to 
precipitate the guanidine as picrate from a solution of sodium 
hydroxide, leaving the guanylcarbamide picrate in solution."^^ 
The conditions under which triketohydrindene (ninhydrin) can be 
used as a quantitative colorimetric reagent for the estimation of 
amino-acid nitrogen have been worked out, and it has been shown 
that histidine is the only amino-acid which gives a coloration 
differing slightly from the standard.^® 

Organic Analysis, 

Qualitative , > — ^A general reaction enabhng fatty acids of the 
acetic series to be detected has been found in the formation of their 

35 T. Beighton, J, Agric, Sci,, 1922, 12, 207. 

36 R. H. Oarr, J. Ind, Eng. Chem,, 1921, 13, 931; A., ii, 172. 
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double sodium uranyl salts, which form characteristic micro- 
crystalline precipitates.^^ 

Other microchemical group reagents are iodic acid, w^hich yields 
distinctive precipitates with allialoids and organic bases/^^ and 
picric acid, which, under standard conditions, foi'ms crystalline 
picrates of different form with vegetable alkaloids Veronal and 
other hypnotics derived from barbituric acid form crystalline 
dixanthyl derivatives of various melting points, whereas other 
hypnotics do not react in this way with xanthhydrol/® 

A stable modification of Schiff’s reagent for aldehydes has been 
prepared from rosaniline hydrochloiide and sodium hyposulphite. 
It can be heated to accelerate the reaction with aldehydes. 

The phenol test for formaldehyde is not trustworthy when applieid 
to the distillate from oxidised spirits and tinctures. A solution 
of guaiacol or apomorphine in concentrated sulphuric acid gives 
more definite i*esults. The former reagent gives a dai'k vvd 
coloration with formaldehyde, and the latter a distinctive pre- 
cipitate.'*® 

The well-known colour reaction of liver oils with sulphtiric acid 
has been shown to stand in some relationship to the vitamin con- 
tent of the oil, and the test has been ai>p!icd quantitatively by 
a method of dilution until the colour is no longer producinl.'*^ 
Liquid paraffin (B.P.) is a suitable diluting ageiit for this 
purpose. 

A new test for carbohydrates has been based on the formation 
of acetal, identified by its blue fluorescence and by the formation 
of 3-hydroxy-2-mcthylquinolino. The acetal reaction is given by 
all the common sugars and by dextrin, but not by glycerol, starch, 
or glycogen.®^ 

When sucrose is boiled with a saturated solution of ammonium 
nickel sulphate and a few drops of sulphuric or hydrochloric acid, 
it gives a distinctive red coloration.®^ Another test for sucrosi? in 
the presence of dextrose has been based upon the fact that the 
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former is soluble and the latter insoluble, in hot ethyl acetate. 
Lsevulose may be detected in the presence of aldoses by the fact 
that, after treatment with iodine solution and then with sodium 
hydroxide, it gives a red coloration with Fehling’s solution within 
four minutes, whilst dextrose does not react until after five minutes’ 
heating.®^ 

An acidified solution of benzidine hydrochloride gives an orange 
coloration with hgneous tissue, and since starch can be stained 
with iodine in the same section, the reagent will be of value in 
biochemical work,^® 

In this connexion mention should also be made of a qualitative 
test for tannin based on its fixation on gold-beater’s skin, which 
can then be stained with dilute ferric chloride solution. 

An acidified solution of p-nitroaniline hydrochloride, decolorised 
with sodium nitrite, has been found to be a sensitive reagent for 
phenols, which, when treated with it and with excess of sodium 
hydroxide, give colorations ranging from salmon pink to ruby-red, 
according to the quantity of phenol present. The test will detect 
1 part of ordinary phenol in 1,000,000.®^ 

A method of distinguishing between phenacetin and acetanilide 
depends on the difference in the colorations given by the two 
substances when hydrolysed with sulphuric acid and oxidised with 
potassium dichi’omate.^® 

Traces of pyridine may be detected by the formation of a red, 
crystalline compound, 1-anilinodihydropyridinium phenyl bromide, 
on treatment with aniline in the presence of water and cyanogen 
bromide. The test is capable of detecting 1 part of pyridine in 
350,000 parts of water.®® 

A new method of estimating the pyrimidine, thymine, has been 
based on its oxidation into carbamide, acetylcarbinol, and pyruvic 
acid, and identification of the pyruvic acid by converting it into 
indigo tin. 

Quantitative . — There have been several contributions to the 
method of ultimate analysis. Thus it has been shown that in the 
wet combustion of organic compounds good results are obtained 
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by the use of a mixture of silver chromate and sulphuric acid as 
the oxidising agent. The method has its drawbacks, however, 
for it is only applicable to certain types of compounds, such as 
sugars not containing a methyl group attached directly to a carbon 
group. The oxidising action of the suli>lio-chromic mixture may 
bo increased by the addition of chromic oxide, and the scox>c of the 
method thus extended, 

A volumetric method of estimating carbon and hydrogen is to 
pass the gaseous x)rodiicts of the combustion first over a sub- 
stance, such as chloronaphtIi3’'loxychlorophosphiiie, which yields 
hydrogen chloiide on hydrolysis, and then into standard baryta 
solution, which is afterwards titrated with standai'd hydrochloric 
acid. The carbon dioxide is then ivnioved from tlic baryta solu- 
tion after addition of exee.ss of acud, and the residual solution 
again titivated, this time with standard }>aryta solution.^'”^ 

For the direct estimation of oxygen the organic substance is 
heated in a current of hydrog(m, and the water formed in the. 
hydrogciiation collected and weighed. The method is unsuitable 
for nitrogen compounds, w’liich yield ammonia on hydn?geiuiiion,®^ 
A rapid method of estimating chlorine consists in absorbing the 
products of combustion in water and titx'ating thc^ absorbtHl chloride 
with a mercuric salt, with the use of sodium nitroprussidc as 
indicator.®'^ 

The low results obtained by the Knccht-IIiblxud method of 
reduction in the estimation of the nitro-groups in certain aromatic 
compounds has been shown to be due to chlorination reactions. 
The difficulty can bo overcome by using titanous su]phat<^, instead 
of titanous chloride for the reduction.^® 

Nessler’s reagent may be used, not only for the cduiractc^risatbai 
of aldehydes and ketones, but also for th(^ estimation of <H»rtain 
aldehydes, the iodine liberated in the reaction being titrat<xl with 
thiosulphate.®^ Another methrid which is a]>plicabl(^ to various 
aldehydes and ketones is based on the hydroxylaminc'! mi^t.liod of 
estimating citral.'^^ 
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A direct method of estimating acetaldehyde is to treat the solu- 
tion with excess of an alkaline ammoniacal silver solution and 
to titrate the reduced silver with ammonium thiocyanate solution 
A rapid colorimetric method has also been based on the fact that 
acetaldehyde gives a yellow coloration with benzidine hydro- 
chloride.'^^ An analogous method for estimating furfuraldehyde 
depends on the coloration which it gives with orcinoL'^^ 

The conditions affecting the quantitative estimation of reducing 
sugars by means of Fehling’s solution have been studied and means 
for avoiding some of the errors in the current methods have been 
devised. It has been found that sucrose is slowly hydrolysed 
by Fchling’s solution to an extent depending on the conditions, 
and that a blank estimation should therefore be made."^® 

A new method of estimating sucrose consists in heating the 
sugar with lime and water at 60 — 80 ®, and polarising the solution, 
in which sugars other than sucrose will have been destroyed. 
The use of invertase for the estimation of sucrose has also been 
recommended.'^^ Numerous errors are involved in the estimation 
of sugar in urine by fermentation with yeast. They may be 
reduced to some extent by sterilisation and precipitation of carbon- 
ates in the urine with calcium chloride. 

The estimation of anthraquinone by the method of Lewis 
involves certain filtration difficulties; these may be avoided by 
using a volumetric method of estimation.®^ 

A gravimetric method of estimating phenanthrene is based on 
its oxidation by means of iodic acid to phenanthraquinone, which 
is then precipitated as toluphenanthrazine by means of 3 : 4-tolylene- 
diamine.®^ 

A critical survey of the various methods of estimating alkaloids 
has been made and the conclusion drawn that, of the gravimetric 
methods, only precipitation wdth picric acid, phosphotungstic or 
silicotungstic acid or with picrolonic acid gives serviceable results, 
whilst of the volumetric methods titration wdth standard acid is 
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the most trustworthy.^^ CatTeine gives an insoluble precipitate 
with silicotungstic acid and may be added to the list of alkaloids 
which can be estimated by means of that reagent/"^* 

New methods of estimating morphine, codeine, and narcotine 
in Indian opium have been described, and a method of estim- 
ating meconio acid in opium, based on its separation as calcium 
meconate.®® 

Considerable attention has been given to the estimation of uric 
acid, and various modifications and colorimetric methods have IxTUi 
suggested, including one in which an arsenotungstie acid reagent 
is used in place of the original phosphotungstir* acid reageid of 
Folin and Denis. 


Tn organic A nalysls . 

Qualitative ,- — A scheme for separating metals by tlu* use of 
sodium sulphidt* instead of hydrogen sulphide^ has been devised, 
t he reagent being added to the hydrochloric atad solution, whielii 
has previously been neutralised with sodium carbonate' and boilenl 
with dilute sodium hydroxide solution. The' ressuliing pn'cipitaie' 
may contain the sulphides, hydroxides, and earhonat(\s of on<^ 
groxxp of metals, and the filtrate the sulphides of anotlu'r group. 
In another scheme of separation no sulphur compounds are 'lAsed, 
but nascent hydrogen is produced, as in th(^ Marsh test, in the 
hydrochloric acid solution. A group, which may contain silver, 
mercury, lead, bismuth, copper, cadmium, platinum, gold, tin, 
antimony, and arsenic, is thus precipitated.®^ 

A new reagent for microchemical analysis has been found in 
csesium chloride, which forms characteristic double chIori<li^s wdth 
a large number of metals,®^ 

Another sensitive reagent, giving distinctive colorations with 
certain metals, is a mixture of resorcinol solution and ammonia.®^ 

In addition to these group reagents, several ximfnl tests for 
individual anions have been published. For example, the Kastle- 
Meyer reagent (an alkaline solution of phenolphthalein dcKJolorised 
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by boiling with zinc powder) gives a pink coloration wdth a solution 
containing 1 part of copper in 100 millions.®^ 

Bettendorff’s test for arsenic (reduction with stannous chloride 
and hydrochloric acid), when applied as a • microchemical test, is 
ten times as sensitive as the Marsh test ; and a solution of potass- 
ium thiocyanate will detect 1 part of osmium per million when 
shaken with the solution of the osmium salt and with ether, the 
ethereal layer assuming a blue coloration. 

A microchemical test for tungsten has been based on the form- 
ation of crystals of ammonium paratungstate when tungstic acid 
is treated with strong ammonia solution.®^ 

For the detection of traces of uranium advantage has been taken 
of the fact that on treating a nitric acid solution of the metal with 
an excess of granulated zinc, a yellow’' deposit, apparently U 03 , 2 H 20 , 
is formed on the zinc.®'^ 

A reaction enabling magnesium to be separated from phosphate 
in an ammoniacal solution consists in the formation of the yellow^ 
insoluble compound, (C9Hg0N)2Mg,4H20, on treating a suspension 
of magnesium hydroxide with an aqueous solution of 8-hydroxy- 
quinoline sulphate. The precipitate, which forms characteristic 
micro-crystals, is given by a solution of 1 part of magnesium in 
25,000.»s 

The sensitiveness of the various tests for strontium has been 
studied, and it has been found that the reaction with sulphuric 
acid is capable of detecting the smallest amount (1 ; 125,000), the 
addition of alcohol increasing the sensitiveness to 1 : 1,400,000.®® 

Only a few new tests for kations have been published. These 
include one for fluorine, which consists in the formation of oily 
drops when the substance is heated at 90^^ with sand and sulphuric 
acid in a test-tubeA 

Quantitative , — ^Numerous contributions have been published on 
the methods of determining hydrogen-ion concentration, and in 
particular on the applicabihty of various coloured indicators. 
The wide range, both in the acid and alkaline directions, of xylenol- 
blue recommends it as preferable to thymol-blue for chemical 
and biochemical work,^ Phenol-red, on the other hand, is too 
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greatly affected by the proportion of salts in the liquid to be a 
suitable indicator under all conditions.^ In the case of sodium 
chloride and potassium chloride the corrections to be ax)pHed for a 
wide range of proportions of either salt have been ascertained for 
a number of indicators.^ 

By using mixtures of coloured salts (for example, ferric chloride 
and cobalt nitrate) in certain proportions as standards for the 
comparison of the colorations obtained with standard indicators, 
it is possible to determine the hydrogen -ion concentration without 
the use of buffer solutions.^ 

Greater accuracy is obtainable by the use of mixed indicators 
and titrating the liquid to a definite lint than is ])ossible by taking 
the first colour change as the end-point of the titration. An 
extended series of such mixed indicators, some of which ar<^ par- 
ticularly suitable for use with coloured liquids, has been drawn 
up."^ 

In connexion with this pai‘t of the subject it may he mentioned 
that symmetrical diphenylguanidino has been suggested as an ideal 
acidimetric standard.^ 

A new acidimetric method of (estimating copper dc^pends on its 
precipitation as the salt, CuS 04 , 4 NH 3 , by moans of alcohol, and 
titration of a solution of the ju’ccipitated salt with standard 
acid.® 

Several new oxidimetric methods havti becui dcsseribed. Thus, 
a rapid method of estimating chromium in nickc^l-c^hnunium steel 
is based on its oxidation with poiassitim permanganate in sulphuric 
acid solution.^® 

A convenient method of estimating chlorine-ion in th<‘ pn\Henc<i 
of iodine-ion consists in precipitating them as silvtsr salts and 
treating the precipitate witii a measured excess of standard potass- 
ium ferrooyanide solution. This reacts only with the silvtsr chloride, 
forming an insoluble silver potassium ferrocyanide, which is jfilti^rcd 
off, and the excess of ferrocyanide titrated with permanganate.^® 

An oxidation method of estimating sulphides depimds on the 
interaction of sodium sulphide and ferric sulphate and titration of 
the resulting ferrous sulphate with after neutral- 
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isation with alkali carbonate.^i In another oxidation method the 
sulphide is converted into sulphate by means of alkaline sodium 
hypobromite, the excess of which is estimated iodometrically.^^ 

Dithionates resist the action of cold alkaline oxidising agents, 
and so may be difEerentiated from most other sulphur salts. They 
are decomposed, however, when heated with acid, and a method 
of estimating them is based on conducting the resulting sulphur 
dioxide into iodine solution. 

A solution of a bromate in strong hydrochloric acid will effect 
the quantitative oxidation of hydroxylamine and hydrazine, and 
the excess of bromate may be titrated. By then measuring the 
volume of nitrogen liberated from the hydrazine, the two substances 
can be estimated in the presence of each other. 

Further methods involving the use of cadmium as a reducing 
agent have been described. For example, uranyl salts may be 
estimated by reduction with cadmium to uranous salts, followed 
by titration of the solution with permanganate. Vanadic acid is 
also quantitatively reduced.^® In like manner, chlorates can be 
reduced to chlorides, and columbium estimated by reduction in a 
cadmium tube in the presence of ammonium molybdate or vanadate 
or of titanium sulphate, and subsequent titration with perman- 
ganate.^*^ 

Analogous use of liquid amalgams of cadmium and of zinc have 
also been described.^® These can be used for the volumetric estim- 
ation of molybdenum, uranium, etc.,^® for the reduction and differ- 
ential titration of solutions containing two metals such as iron, 
titanium, or uranium, and for the estimation of chloric, bromic, 
and iodic acids. 

Metallic mercury is a suitable reducing agent for estimating 
vanadic acid in the presence of uranic and arsenic acids, which are 
not reduced by mercury.^^^ 

P. P. Budixxkoff and K. E. Krause, anorg* Chem.t 1922, 1.22, 171 ; 
A., ii, 782. 

12 H. H. Willard and W. E. Cake, J. Amer. Ghem. Soc., 1921, 43, 1610; 
A,, ii, 80. 

12 A. Fischer and W. Classen, angew, Chem., 1922, 35, 198; A., ii, 453. 

1* A, Kurtenacher and J. Wagner, Z. anorg, Chem>.^ 1921, 120, 261; 
A., ii, 312. 

1® Compare Ann. Meporta, 1921, 18, 158. 

1® W. B. Treadwell [with M. Blumenthal and with M. Hooft], Helv, CMm, 
Acta, 1922, 5, 732; A., ii, 788. 

1’ W. X). Treadwell and others, ibid., 806; A., ii, 780. 

IS ]Sr. Kand, «/. Ohem. Soc. Japan, 1922, 43, 173; A., ii, 519. 

IS Idem, ibid., 333; A., ii, 529. 

Idem, ibid., 544; A., ii, 721. 

21 hr. K. W. McCay and W. T. Anderson, J. Amer. Chem. 19-22, 44, 

1018; A., ii, 530. 
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The use of potassium ferricyanide has been shown to give aeenraie 
results in the standardisation of thiosulphate solutions for iodo- 
metry.^^ A new iodometrie method of estimating copper has 
been based on the oxidation of a cuprous salt with iodine, the 
excess of which is afterwai'ds titrated. The eojjper is first con- 
verted into cuprous thiocyanate,-^ Hydrogen peroxide or nitric 
acid cannot be used for the oxidation of cuprou.s eopi>er in x>resence 
of ferrous iron, and in stieh cases it is best to ]>recij>itate the iron 
from a hot ammoniaeal solution hy means of a current of air% and 
to use the filtrate, after removal of the ammonia, fur the itidumc^f rie 
estimation of the coxii^er.-'^ 

The influence of atmospheric oxygen in iibia*ating iodiiu^ fnan 
hydriodic acid leads to erroneous results In the iDdomt*iri<* estim- 
ation of arsenic acid. Tt may be prevented by adding sodiinn 
hydrogen carbonate* befon,* the potassium iodide, and having only 
a minimum amemnt of hydrochloric or sulphuric acid pn\s(mt.“*‘’^ 

Good I’CHults arc^ obtained in the estimation of arsenic or anti- 
mony sulphide by Inciting their soditim h^^droxide solution with 
iodine solution c*(mtaining acetic acid and sodium a(‘(‘tate, aiul 
titrating the exeess of iodine. Atmospheric oxidatitm is suHitufmily 
checked by the* addition of a small amount of geiatin.^^ 

When a sulphur crunpound is heat(‘d with powdered iroti in the 
absence of air, the whole of the sulplnir is lihcTated as hydrogtm 
sulphide, which may be collected in zinc^ sulphide solution and 
estimated iodometrically.-'^ 

Several new colorimetric methods have been devised, ''rhest^t in- 
clude a method of estimating colloidal gokl,^^ of estimating vanadium 
in steel by meaiis of the coloration given by vanadium pentoxich^ 
with hydrogen peroxide,^^ of estimating matiganc^se in steel and 
ores by oxidising it to the compound H^MnO^, an alkaline sohiiion 
of which is yellowish-brown,^^ and of estimating antimony in 
copper,^^ 

A colorimetric method of estimating phosphorus in steels is bamtd 
on the blue coloration given by a hot solution of thioHulphat<3 with 
ammonium j>hoBphomoIybdate,^‘*^ and anothc*r method for phtw- 

I. M. KolthoH, Fharm. Wcekhlad, 1922, 59, 66; A., it, 224 . 

R, Lang, -2/. anorg. Chem,, 1021, 120, 181; A., ii, 318. 

A. Weber, Z* angew* Chmi,, 1922, 85 , 336; A., ii, 588- 

L. Rosenthaler, Z* anal, Ohem,, 1022, 61 , 222; A,, ii, 684. 

Kikolai, ibid,, 257 ; A,, ii, 585. 

L. Losana, (Ham, CMm, Ind, AppL, 1922, 4, 204; A,, li, 582. 

J. A. Muller and A, Foix, Bull, Soc, cMm,, 1922, [iv], 88, 717 ; A,, il, 662, 

A. BCropf, Z, angew, Ohem,, 1922, 85 , 366; A,, h, 590. 

J. Heslinga, Chem, Weekblad, 1922, 19, 302; A,, ii, 660. 

B. B. Evans, Anal^M, 1922, 47, 1; A,, ii, 231, 

L. Losana, Giom, Ohim. Ind, Appl., 1922, 4, 60; A,, ii, 392. 
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plioms on the coloration given by phosphates when boiled with 
ammonium vanadate and treated with ammonium molybdate.®^ 

In separating arsenic from tungsten by volatilisation in a 
current of air at 100°, adsorption of arsenic trichloride may be 
prevented by bringing the tungstic acid into the disperse condition 
by treatment with pyrogallol (which is subsequently removed), or 
by adding glacial acetic acid prior to the addition of the hydro- 
chloric acid and methyl alcohol. Hydrolysis of the arsenic 
trichloride may be remedied by the addition of a salt, such as 
X3otassium bromide, which is readily soluble in water but dissolves 
with difficulty in strong hydrochloric acid. Successive small 
additions of concentrated hydrochloric acid will also prevent the 
hydrolysis In the presence of nitrites and nitrates the dis- 
tillation method of estimating arsenic may give erroneous results, 
owing to the formation of nitrosyl chloride. This may be pre- 
vented by using hydrazine sulphate with sodium bromide as the 
reducing agent, and so simultaneously reducing nitrates, etc., to 
nitrogen.^® 

Minute quantities of arsenic may be quantitatively sej^arated 
from germanium by treating the solution with a large excess of 
hydrofluoric acid prior to precipitation with hydrogen sulphide, 
riuorogermanic acid is formed and is not precipitated by hydrogen 
sulphide 

A quantitative estimation of manganese has been based on its 
precipitation as manganous iodate, which is dried at 100° and 
weighed.^® 

Selenium oxychloride has been used as a reagent for the separ- 
ation of columbium and tantalum,®^ and for the separation of 
molybdenum trioxide from tungsten trioxide.^*^ 

Another method of separating small amounts of molybdenum 
from tungsten is to convert the molybdenum into xanthate, which 
can then be extracted with hot chloroform.^^ 

Aluminium can be separated from iron by means of o-phenetidine, 
but the iron must be in the ferrous condition, since ferric salts give 
a precipitate with the reagent.^^ 

Q, Misson, Bull. Soc. chim. Belg., 1922, 31, 222; A., ii, 78. 

Li. Moser and J. Ehrlich, JBer., 1922, 55, \B~\t 430; A., ii, 314. 

IdeTTb^ ibid., 437 ; A., ii, 316. 

3^ J. J. T. Graham and C. M. Smith, J. Ind. Eng. Chem.j 1922, 14, 207 ; 
4., ii, 314. 

J. H. Muller, J. Amer. Chem. Soc.^ 1921, 43, 2549 ; A., ii, 320. 

S. Minovici and O. Kollo, Chim. et Ind.r 1922, 8, 499; A., ii, 787. 

H. B. Merrill, J. Amer. Chem. Soc., 1921, 43, 2378; A., ii, 230. 

Idem, ibid., 2383; A., ii, 229. 

D. Hall, ibid., 1922, 44, 1462; A., ii, 660. 

** K. Ghalupny and K. Breisch, Z. angew. Chem,, 1922, 85^ 263; A., ii, 688. 
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A suitable Bietliod of estimating uranium lias been based on its 
extraction from the mineral by means of a mixture of glacial acetic 
acid and nitric acid.'^® 

Electrochemical Aiialysis. 

Among the apparatus for electrometric titration devised during 
the year mention may be made of a continaoiis-readiiig apparatus 
for the determination of hydrogen-ion concentration,'^^ and of an 
apparatus in which the electi'ode vessel is attached to a rotating 
stirrer and carries a small bulb suitable for ilm j>ro|)aration of a 
calomel electrode/*^ 

It has been shown that errors in the conductometric method of 
precipitation are mainly due to excessive solubility of the pre- 
cipitate, to the ])rccipitate not being constant in composition, and 
to errors in determining the conductivity; and means of avoiding 
these errors have been pointed out.'^^ 

A simjile method of electrometric titration for acidimetry or 
alkalimetry consists in the use of a number of constant and re- 
producible electrodes which ar(^ equivalent to hydrogen elcctrod<^s. 
These are especially useful when it is required to titrate a solution 
to an end-point of definite hydrogen-ion concentration.^'^ 

The use of a silver cathode with an anode of platinum alloyed 
with iridium or rhodium has hcicn recommemh^d for the rapid 
deposition of copper and zinc under sj^ecified conditiotiB, and lead 
may be deposited as peroxide on the anode or as metal on the 
cathode according to thc^ conditions of electrolysis.^® 

An iodine electrode may be conveniently used in nunu^rous 
potentiometric estimations, such as the titration of iodides with 
silver nitrate, and the analysis of mercuric chlorides, thallous salts, 
etc., but it is unsuitable for the estimation of lead or bismuth.^® 
In most cases the cmd-i>oint of a titration with silvc^r nitrate is 
indicated by the solubility of the silver compound, and the method 
gives good results with chloiides, bronu<leB, KKlidcB, and many 
other salts. ^ 

The use of lead nitrate in electrometric titration gives accurate 
results with iodides in the pn^seiKsc of chlorides aiiid bromides, and 
for the estimation of certain organic salts. 

*8 Scott, J* Jnd^ Eng^ Chem.^ 1022, 14? 531; ii, 78S* 

** H. Goode, J*. Amer. Ohem. Soc.^ 1022, 44, 20; ii, 307* 
a A. Waters, J*. Chem. Jnd., 1022, 41, 337r; A., iU 862. 

I. M, KolthofE, i!?, anal, Chem,, 1022, 61, 171; .4., ii, 452., 

F. F. Sharp and F. H. MacDougall, J, Amcr, Ohem* Bqc,^ 1022, 44, 1103; 
A., ii, 570. 

A. Kling and A. I*aasi©ur, Ann* Qhim, Analyt*, 1022, 4* 171 ; ii, 587. 
I. M. Koltho:®, Bee* trav* ehim*, 1022, 41, 172; A*^ ii, 388* 

»» Jdw, Z* tmed, Chmn,, 1022, 61, 220; A., ii, 581. 

Idem, md,, 360; A., ii, 781. 
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Halogen-ions may also be accurately titrated with mercuric 
jyerchlorate, but only separately and not in admixture. 

When titrating ferrocyanides in acid solution with potassium 
permanganate solution, the end-point may be sharply obtained 
by an electrometric method, but it is essential that sufficient 
acid, preferably hydrochloric acid, should be present to prevent 
the precipitation of manganese ferrocyanide.^^ On the other 
hand, when using ferrocyanide for the titration of certain metals, 
such as cadmium, zinc, or lead, the sharpness of the end-point is 
affected both by the insolubility of the resulting ferrocyanide of the 
heavy metal and by the nature of the alkali metal present. 

In the electrometric estimation of uranium by oxidimetric 
titration of the reduced uranium salt it is necessary to take into 
account that there are two changes in the oxidation potential, the 
first corresponding with the formation of quadrivalent, and the 
second with that of sexavalent uranium.^® 

An amalgam of zinc gives good results in the reduction of com- 
pounds of metals such as iron, molybdenum, vanadium, and 
uranium, prior to electrometric titration with potassium per- 
manganate solution.®’^ Another oxidimetric method consists in 
reducing a cupric salt with titanium trichloride and subsequently 
titrating the cnjorous salt with standard dichromate or potassium 
bromate solution in an atmosphere of carbon dioxide.^® 

A series of test experiments has shown that traces of sulphate 
may be acc^irately estimated by conductometric titration with 
barium chloride, the addition of alcohol being an advantage. 

The conductometric method has also been applied to the titration 
of solutions of hydrofluosilicic acid,®® to the titration of acids and 
phenol in alcoholic solution by means of an alcoholic solution of 
sodium ethoxide,®^ and to the titration of azo-dyestuffs and nitro- 
compounds. 

C. AiNSWonTE Mitohelu. 

I. M. Koltho:^, Z. anal. Chem., 1922, 61, 332; A., ii, 665. 

E. Muller and H. Lauterbaeh, Z. anal. Chem.y 1922, 61, 398; A^, ii, 795- 

I. M- KolthofE, Bee. trav^ chim., 1922, 41, 343; A., ii, 537- 

*^ 7 , i>, Treadwell and D. Ohervet, Helv. Chim. Acta, 1922, 5, 633; A., 
ii, 786. 

B. T. Ewing and E. E. Eldridge, J. Amer. Ghem. Soc., 1922, 44, 1484; 
A., ii, CGI- 
S’ K. Eland, J. Ghem. Soc. Japan, 1922, 43, 550; A., ii, 721. 

68 E- Zintl and H. Wattenberg, Ber., 1922, 55, IB], 3366; A., ii, 871. 

I. M. KolthoflP, Z. anal. Ghem., 1922, 61, 433; A., ii, 864- 

H. Ean6, J. Ghem. Soc. Japan, 1922, 43, 556; A., ii, 719. 

E, Br. Bishop, E. B- Elettridge, and J. H. Hildebrand, J. Amer, Ghem. 
Soc., 1922, 44, 135; A., ii, 308. 

D. O. Jones and H. B. Bee, J. Ind. Eng. Ghem., 1922, 14, 46; A., ii, 239. 
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Tiiii] sad death of Renjamin Moore early in this year deprived Bio- 
chemistry of a brilliant and daring thinker. A ptipil of Sir Edward 
Sharpey Schafer, he later was the first occuj^ant of the chair of Bio- 
chemistry at Liver|)ooL While there, he and Mr. E. Whitley founded 
the Blocheynical Joiir)ial^ which, originally a privates venture, later 
became the ollicial publication of the Biochemical Society. A peiiod 
of research on behalf of the Medical Research Cotmeil followed liis 
resignation from Liverpool, hut in 1920 he returned to academic 
life as first Proft‘Hsor of Biochemistry at Oxford. Unfortunately, 
his tenure of this post was for little more than a year. His loss as 
a teacher and an investigator is a severe one. The ranks of liritish 
men of science have been further depicted by the deaths of J')r, A, D. 
Wallci*, Professor of Physiology at London Uidversity, and the 
Hon. H. V. Onslow. Eew who have read the valuable*, pajjcrs on 
biochemistry or genetics published from Onslow’s Cambridge 
laboratory can have !>een aware that the whole of these cuiroful 
rcBearchcH wei’e dirc^cted fx'oni an hi valid’s couch as the result of an 
accident in imdergraduatc days which paralysed him from th«*- waist. 

Amongst otir foreign eolleagu(*s, we note with regret the loss of 
W. Palladin, the eminent Russian plant physiologist aixd biochemist, 
a puxdi of Timiriazeir and lattcHy Professor at Petrograd ; of 
Takamine, best knowm for his isolation of adrenalin ; of (J. A. 
Pekelharing, Enieiitus Professor of I^hyBioiogical Chomistry at 
Utrecht ; and of Franz Plofmeister, the eminent investigator wlu^ for 
many years was Professor of Physiological Chemistry at Strassboing. 

Whilst the multiplication of new journals is generally to be de- 
plored, we may perha]>s except the Journal of Biochemisirf/, (nlited 
by Prof. Kakiuchi of Tokyo imjjcrial University, since it is obvious 
that the wide interest in biochemistry apparent in Japan should be 
served by a medium for home publication. The contents are pub- 
lished in English, German, and French. On the other hand, the 
appearance of the Journal of Metabolic Mesearckj edited by F. M. 
Allen in the U.S.A., is, to our mind, less excusable. From a perusal 
of the papers in the numbers which have appeared there seems no 
adequate reason why existing periodicals should nut have served 
for their pubhoation. One fears that America is following the bad 
example of Germany in this matter. 

Of the new books, attention must bo dirocte<l to Protoins and 
the Theory of Colloidal Behaviour,” by J aquas Loeb, which deals 
in a remarkably clear manner with many problems of great import- 
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ance to biocliemists. The great interest shown on all sides in the 
so-called vitamins is illustrated by the recent appearance of a large 
number of volumes dealing with these substances. Apart from 
the many more or less popularly- written books, amongst which 
special reference should be made to Vitamins and the Choice of 
Food,'' by V. G. Plimmer and R. H. A. Plimmer, several valuable 
reviews with extensive bibliographies have been published. “ The 
Vitamins/' compiled by C. Sherman and S. L. Smith, and published 
by the American Chemical Society, is especially good, whilst a second 
edition of “ Die Vitamine," by C. Punk, and an English translation 
of it by Dubin, are also welcome. Many new editions have also 
appeared; ‘‘ Oxidations and Reductions in the Animal Body," by 
H. D. Dakin (2nd ed.) ; “ The Determination of Hydrogen Ions," 
by W. M, Clark (2nd ed.) ; Die Wasserstoffionenkonzentration, 
ihre Bedeutung fiir die Biologie und die Methoden ihrer Messung," 
by L. IVIichaelis, Part I (2nd ed., to be issued in three parts) ; “ Les 
Colloides," by J, Duclaux (2nd ed.) ; and Physikalische Chemie 
der Zelle und Gewebe," by R. Hober (5th ed., Part I). A valuable 
monograph on Hexosamines, their Derivatives and Mucins and 
Mucoids,” based on the author's researches, has been published from 
the Rockefeller Institute for Medical Research by P. A. Levene. 
The unwieldy ‘‘Handbuch der biologischen Arbeitsmethoden," 
edited by E. Abderhalden, continues to appear, but the later numbers 
are not such as will dispel the feeling of disappointment and irri- 
tation expressed by Professor Barger in his last year's Report. Two 
biographical studies have been published which are of interest to 
biochemists. Pasteur and his Life," by Descour, is delightful 
and will share distinction with Vallery Radot's well-known book. 
On the other hand, a sense of disappointment may follow the 
perusal of the autobiography Aus meinem Leben " of Emil Fischer, 
especially if one compares it with the very good biography by 
J. Kurt Hoesch which appeared in the pages of the Berichte. 
In connexion with the Pasteur Centenary, Masson et Cie are issuing 
an edition of the classical works of this master. The first two 
volumes, Disymetrie moleoulaire " and ‘‘ Fermentations et 
generations dites spontanees," are about to appear. 

Amino-acids and Proteins.^ 

No outstanding discovery marks this year's work in the field of 
protein chemistry, but steady progress can be reported. The diffi 

* Professor Barger has asked me to mention that in referring to the work 
of B. Willstatter and E. Waldschmidt Leitz (Per., 1921, 64, [B], 2988) in 
this section of his last year’s Beport he inadvertently omitted to state that 
F. W. Foreman had described a similar method previously {Biochem. */,, 
1920, 14, 451). 
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cuiiiey of separating the products of hydrolysis of proteins make 
welcome the method described by H. W. Buston and S. B. 8chry ver,^ 
which enables clean mixtures of amino-acids to be Kej)arated with 
ease from protein hydrolysates or other sources in a form convenient 
for further fractionation. A x>rotein hydrolysate, afttu' rmnoval of 
tyrosine and the diamino-acids by thc^ usual mctliods, is tr(\‘ited with 
baryta and alcohol, and carbon dioxide is x^assed. Bevc'ral fractions 
of the barium salts of the carbamates of the amino-ac;ids, having the 

general formula ascribcal by Sit^gfried,^ may 

be obtained. 

The barium j)rccix>itates on decomposition yield ch^an, semi- 
crystalline mixtures of amino-acids. Jt is claimed that the method 
willeifect the quant italivc^ removal of amino-nit rogtm fi*om asolution. 

Another ]>reliminary fractionation of the amino-acids which may 
eventually be of considtu'able value is described by t!. L. Foster and 
C. L. A. Smith,^ who apply on a laboi^alory scale the method of 
K. Ikoda and S. Susuki ^ in which a dirc^ct current is iiassed through 
a solution of the amino-acids, thrc‘C“Comx>artnient cell. 

The units which are predominantly a<‘id, such as glutamic acid, 
migrate to the anode, the basic Bubstam^es, lysiiu^, arginine, etc,, 
travel to the cathode, and the more or less neutral units re-main in. 
the central com}>artment , The m<d<hod appeam to yiel<l relatively 
large amounts of clean X)r(q)aratK>us of arginine an<l lysimt. 

It. Engeland ^ has described a method in which tiu* monoamino- 
acids are converted into the corresx^onding betaines us a In(^anB of 
estimating certain innts. From elastin ho has isolaied betaine 
of what he believes to })e a hithc*rto unknown amino-acid with the 
formula Ci3H2e()4X2. 

The general feeling that our kuowi<*dgc‘ of the sulphur-ctoniaining 
constituents of the proteins is lantentably d<‘licicnii is reiicnded in 
several papers. Of partictilar interest is the aanouncennmt by 
J. H. Mueller® of his isolation of a new amino-acid containing siilphur 
from the produ<jis of hydrolysis of commercial c:as<nnogcai with 
sulphuric acid. Furthc^r details of iliis acid will bt^ awaited with 
great interest, but the x>i^‘^‘lhniinury communication siatc%s that there 
are indications that it is a straight-chain compomui with two amino- 
groups and probably two carboxyl groups. It. is unexuiain in what 
form the sulx>hur is present, W. F, Hoffmann ami IL A. Ooriner 

i Biochem, J., 1021, 15, 630; A,, 1021, i, 1S2, 

® Z. physloL Vhem.f 1905, 46» 401 ; A., 1006, i, 324. 

« Pmc. Sac. Bxp. Biol Med., 1022, 10, 348. 

* U.S. BaL 1015891, 1912. 

» Z. ph^moL Cfmn., 1922, 120, 130; A., ii, 530. 

« Broc..Soc. Exp. Biol. Med., 1922, 19, 161. 

’ J. Ammr. €hem. Soc., 1022, 44, 341 ; A., i, 420. 
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have studied the effect of acid hydrolysis on cystine and report 
interesting observations. Pure cystine, boiled for varying lengths 
of time with 20 per cent, hydrochloric acid, underwent only slow 
decomposition, and the authors do not think there is appreciable 
decomposition of cystine during the usual protein hydrolysis. The 
small amount of sulphur liberated was either in the form of hydrogen 
sulphide or of free sulphur. The cystine after hydrolysis showed 
certain differences from the original product in being less readily 
precipitated by phosphotungstic acid, optically inactive, more 
soluble in water, and crystallising in prisms. The derivatives 
of the two forms of cystine showed dissimilarities. The authors 
advance the suggestion that the isomeric cystine they have isolated 
is identical with the synthetic product of Erlenmeyer and Stoop ® 
and of Fischer and Raske,^ and that plate cystine as obtained 
from the hydrolysis of proteins has never been synthesised. 

The unsatisfactory nature of the existing methods for the analysis 
of the diamino -acid fraction of protein hydrolysates is apparent to 
all who have had occasion to use them. Recently J. L. Rosedale,^® 
in an investigation of the diamino-acid content of muscle proteins, 
has referred to the inconsistencies of the results obtained b^^ the 
well-known method of Van Slyke. 

The inaccuracies associated with the estimation of the acids 
in this fraction are largely bound up with those due to the method 
of determining arginine, as pointed out by R. H. A. Plimmer,^^ 
who also modified the process to render it somewhat more trust- 
worthy. Even when there is reason to believe that the estimation 
of arginine is satisfactory, the value for histidine, and therefore 
indirectly that for lysine, is based on the assumption that the whole 
of the non-amino-nitrogen of the fraction is represented by histidine 
and arginine. That this assumption is liable to lead to serious 
error is now definitely proven by the investigations of D. D. Van’ 
Slyke and A. Hiller, They found that the values for histidine 
obtained by the usual method and those based on K. K. Koessler 
and M. T. Hanke’s colorimetric process show agreement in the 
ease of caseinogen, edestin, and fibrin, but a considerable difference 
with gelatin. This led them to fractionate the phosphotungstic 
acid precipitate obtained from hydrolysed gelatin, as a result of 
which evidence was obtained of the presence of an unidentified 
base. Attempts to obtain the free base in a crystalline condition 

« Ber., 1908, 41, 893; A., 1908, i, 325. 

* Annalen, 3 904, 337, 222; A., 1905, i, 119. 

10 Biochem, J., 1922, 16, 27; A., i, 492. 

11 Ibid., 1916, 10, 115; A., 1916, ii, 460. 

13 jproc, Nat, Acad, Sci,^ 1921, 7, 185; A., i, 63. 

J. Biol, Ohern,, 1919, 39, 497; A., 1920, ii, 67. 
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werQ nnsuecessfuL It is hygroscopic, decomposes slowly at 100°, 
and has a ratio of nitrogen to amino-nitrogen of 2 : 1. As the 
value remains constant after treatment with acids, it is concluded 
that the substance is not a peptide. Further information of this 
new basic constituent of the proteins will be awaited with great 
interest. 

The presence of hydroxyaspartic acid among the products of 
hydrolysis of proteins once reported by Z. H. Skraup has not been 
confirmed by a careful examination of the products of tryi>tic di- 
gestion of easeinogen by H. D. DakinA^ Further study of this acid 
has, however, been facilitated by his synthesis of the para- and anti- 
hydxoxyaspartic acids from chloromalie acid and ammonia. Separ- 
ation of the isomerides was effected by fractional crystallisation, 
whilst in a later paper is described the resolution of the anti-acid 
by means of the strychnine and quinine salts. The para-acid was 
not resolved. 

Gradually, but very slowly, information on the difficult problem 
of the mode of linking of the amino-acids in pi’oteins is being col- 
lected, but it is somewhat surprising that a comparatively simple 
class such as the protamines has not been the subject of more 
extensive study from this point of view, R. E. Gross has, 
however, isolated from the products of hydrolysis of clupeine a 
dipeptide-like substance consisting of at least two arginine mole- 
cules. He has also confirmed IsTelson Gerhardt’s deduction that 
in salmine and cluj)eine the monoamino-acids are linked together. 
Clupeine has also been investigated by H. Steudel and E. PeiserA‘* 
who have prepared combinations of the protamine with guanylio 
acid and yeast-nucleic acid in an attempt to elucidate the constitu- 
tion of the nucleo -proteins. E. Abderhalden has succeeded in 
isolating at intermediate stages in the hydrolysis of silk fibroin 
considerable quantities of a d-alanyl-glycine anhydride and small 
quantities of glycyl-Z-tyrosine anhydride, and of a compound con- 
taining serine, d-alanine, and glycine. Incidentally his examin- 
ation of this protein accounted for 86-4 per cent, of the total amino- 
acids as compared with previous figures in the neighbourhood of 
70 per cent. The current idea that the free amino-nitrogen of 
proteins is related to the lysine content receives support from the 

Ben, 1904, 37, 1596; A,, 1904, i, 538. 

15 X JB'ioL Chem,^ 1921, 48 , 273; .4., i, 143. 
lUd., 1922, 50 , 403; A., i, 430. 

1^ Z. phyaioh Ohem., 1922, 120 , 167; J.., i, 784. 

16 Ihid., 1919, 105 , 165; A., 1919, i, 503, 

i» Ihid., 1922, 120 , 207; A,, i, 784. 

2^ Ihid., 1922, 122, 298; A., i, 1200, 
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work of M. S. Dunn and H. B. Dewis,^^ who have studied the distribu- 
tion of nitrogen in caseinogen and deaminised caseinogen. Dysine 
was found to be absent from the products of the hydrolysis of the 
deaminated protein and some destruction of tyrosine had also 
occurred. In a later paper,^^ they record that the deaminated 
caseinogen can be hydrolysed by pepsin and trypsin, but at a slower 
rate than in the case of the untreated protein, whilst experiments 
on a dog indicate that, when tolerated, it can also be metabolised 
by the organism. 

Protein Metabolism, 

At least one outstanding paper on protein metabolism has ap- 
peared during the twelve months under review. This is the paper 
by C. J. Martin and B. Bobison on the minimum nitrogen 
expenditure of man and the biological value of various proteins for 
human nutrition. Its appearance marks a very important advance 
in this branch of the science of nutrition. The I’ealisation that 
the proteins do not have a uniform value in nutrition was gaming 
ground at the close of the last century, and was, indeed, definitely 
formulated by Bubner in 1897, but the term “ biological value ’’ 
which is to-day so widely employed in this connexion was intro- 
duced by Karl Thomas in 1909. This investigator defined the 
biological value ” of a protein as the number of parts of body 
nitrogen replaceable by 100 parts of the nitrogen of the foodstuff, 
and the values he determined have been extensively employed by 
physiologists. Martin and Bobison began their investigation 
with the modest object of redetermining the relative values for 
certain cereal proteins, but they soon found great difficulty in 
arriving at values which could justifiably be compared and began 
to suspect that a number of the earlier investigations were open to 
criticism. Accordingly, they began a careful investigation of the 
conditions iinder which valid results might be obtained, and their 
paper represents not only a sound criticism of eai’lier determin- 
ations, but also a most valuable study of the experimental methods 
concerned. They point out that Thomas adopted an experimental 
method based on the assumption that the value of any protein 
for biological purposes remains uniform whatever the amount taken. 
The misleading nature of this j)i'ocedure can best be appreciated 
if the case of gelatin is considered. The various possibilities are 
explained by the authors by means of the diagram reproduced on 
p. 188, in which the abscissae represent real nitrogen intake and the 

J. Biol, Chem,, 1921, 49, 327; A,, i, 279. 

33 Ibid,, 343; A„ i, 292. 

33 Biochem, J,, 1922, 16, 407. 

34 Arch, Bhysiol,, 1909, 219. 
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ordinates real nitrogen output. If OM = m represent the output 
of nitrogen on a nitrogen-free diet of adequate fuel value, then m is 
equal to the nitrogen minimum. 

The administration of an ideal protein (biological value 100, 
and utilised without waste) in gradually increasing amounts will 
result in no change in the amount of excreted nitrogen, m, until the 
intake equals that value, at which point, E, w^here ME = MO, 
the body will be in nitrogen equilibrium. When the intake rises 
above m, the graph of intake and output will follow the line EEn 
at an angle of 45° to the axis (unless the body is growing or has ]3re- 



viously been starved of nitrogen). Ordinary proteins with biological 
values less than 100 will not suffice for equilibrium to be established 
at the point E, but at some other point E^- Before nitrogen 
equilibrium is reached, the graph will follow the line ME^, %vhich 
may be either straight or curved, depending on the indivisibility 
of the nitrogen requirements of the body and the uniform economy 
with varying nitrogen intake. If these conditions arc obtained, 
then Thomas’s formula, 

T>Tr Urine JST on N-free diet + faeces N + balance 

BF = 100 NlStake ’ 

becomes BV = 100 (1 — tan 6). 

In the case of a protein inadeq^uate to supply any portion of the 
requiyements of the organism, the graph will be the line MK parallel 
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to OEn ; that is, the nitrogen output will always equal the nitrogen 
intake plus the value m. That is, jBF = 100 (1 — tan 45'') == 0. 

Whilst there was very little reason for assuming that these graphs 
would prove to be straight lines, the experimental determination of 
a number of points at different levels of intake of the same protein 
demonstrated that in the case of bread approximation to a straight 
line actually occurs. There was evidence that this may be also 
true for milk proteins. In the case of gelatin, ho'wever, the ratio 
certainly does not remain constant, and there is no indication that 
the amount of body nitrogen saved increases beyond that effected 
by the smallest amount of gelatin administered. It can therefore 
be seen that the application of Thomas’s method is justifiable in the 
case of bread, doubtful with milk, and of no value in the case of 
gelatin. In cases where his method is not known to be trustworthy, 
the ratio body-lST saved/food-N absorbed should be determined close 
to, but below, the point of equilibrium. In any case, the biological 
values derived from experiments of comparatively short duration 
have a limited significance. The value of gelatin in relation to the 
nitrogen requirements of man is also very fully treated in an inter- 
esting paper by R, Robison ; these researches have in addition 
served to provide further information regarding the distribution 
of nitrogen in the urine on diets low in nitrogen.^^ 

Olutathione and Tissue Oxidations, 

Reference was made in last year’s Report to the discovery by 
Hopkins of an auto-oxidisable constituent of the cell, and further 
information regarding this remarkable substance has since been 
eagerly awaited. Late in the year our expectations were fulfilled 
by the appearance of a publication by F. G. Hopkins and M. Dixon.^*^ 
This paper is concerned with significance of glutathione in the 
oxidative mechanisms of the cell, but chemists will welcome the 
statement that a full study of the chemical properties of this sub- 
stance is in progress. It should not be a task of excessive difificulty 
to establish the mode of linldng between the constituent amino- 
acids, cystine and glutamic acid, as a first step towards synthesis. 
The most striking fact reported in the new paper from the Cambridge 
laboratory is the apparent association, in oxidative and reductive 
processes, of the dipeptide with a tissue agency which is insoluble 
in water and resistant to a temperature of 100°, or to treatment with 
alcohol. It will be recalled that O. Meyerhof in 1918, demonstrated 

Biochmi. J., 1922, 16, 111; A., i, 488. 
as Ibid,, 131 ; A„ i, 495. 
a? J. Biol. Chem.^ 1922, 54, 527. 

Arch, Gob. Bhysiol., 1918, 170, 428. 
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that the ability of a yeast extract or '' Kochsaft ” to give the nitro- 
pruBside reaction showed a certain parallel with its power to restore 
the “ respiration ’’ of washed acetone yeast. His investigations 
showed that cystine had not the latter effect, but when thioglycollic 
acid or thiolactic acid was added to the washed yeast in a neutral 
or slightly acid medium, oxygen was absorbed in an amount larger 
than that required to oxidise the added acid to the disulphide form. 
Furthermore, Meyerhof demonstrated the even more remarkable 
fact that a similar action follows the addition of thioglycollic acid 
to a washed yeast which has been heated at 100°. 

The parallel between Meyerhof’s results and those now recorded 
by Hopkins and Dixon is at first sight a close one, but more detailed 
examination of the experimental data indicates that further inform- 
ation is necessary before a definite opinion on this point can bo 
formed. The experiments at the Cambridge laboratory once 
again demonstrate how valuable may be the information obtained 
by the study of tissue activities before and after they have been 
thoroughly extracted to remove water-soluble components. By this 
means assistance in recognising the co-ferment of alcoholic ferment- 
ation was obtained by Harden and Young, whilst more recently 
both Meyerhof and Batelli and Stern have used this method with 
considerable success in their attempts to elucidate the nature of 
the oxidative mechanisms in the living cell. In Hopkins and 
Dixon’s experiments it was found that fresh muscle-tissue, after 
being thoroughly washed, does not reduce methylene-blue, or reduces 
it very slowly, nor will such tissue show the absorption of oxygen 
and liberation of carbon dioxide which are characteristic of respir- 
ation. The addition of glutathione, which is, of course, one of the 
soluble constituents removed by the washing, to the washed tissue, 
suspended in a “ buffered ” phosphate solution, will not only restore 
the power to reduce methylene-blue, but also will enable the tissue 
to respire.” The most interesting point is, however, that the 
power to reduce the dye and to show respiration on addition of 
glutathione is displayed, not only by the washed tissue, but also 
by tissue which has been extracted thoroughly with boiling water 
or alcohol or which has been heated at 100°. 

That the thermostable agent in the tissue residues shows a definite 
reducing power is demonstrated by the prompt reduction of the 
added oxidised form of glutathione, enabling the system to show 
reduction of methylene-blue or respiration.” The tissue residues 
must therefore contain a stable hydrogen donator, which is relatively 
insoluble in water, and presumably some form of stable primary 
catalytic system for which glutathione is a co-agent. The thermo- 
stable tissue factor activated by glutathione is sensitive to oxidation, 
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presumably owing to the slow oxidation of the relatively labile 
hydrogen atoms which in the normal system are so readily yielded 
to other acceptors. Even the transport of the labile hydrogen to 
atmospheric oxygen is accelerated by glutathione, and in this case 
the absorption of oxygen may be as much as 400 c.c. of oxygen 
per gram of dried material. This amount appears to be, from the 
approximate data available, about one-tenth of the total possible 
uptake of the original untreated tissue. The respiratory exchange 
of this process is about unity in the early stages, but falls ofi after a 
time to nearly zero. HopHns and Dixon’s paper contains a care- 
ful discussion of glutathione in relation to other systems of oxidative 
mechanism which are believed to exist. The molecule of glutathione 
is not oxidised anaerobically by washed tissues in the presence of 
methylene-blue as T. Thunberg^^ foimd was the case with such 
substances as succinic acid and glutamic acid. Moreover, it does 
not suffer oxidation by atmospheric oxygen as a result of surface 
action such as occurred in the case of certain amino-acids in the 
presence of charcoal studied by Warburg.^® Apparently the mole- 
cule of the dipeptide is stable, apart from the reversible change 
of the sulphur groupings which is its main characteristic. So far 
as the authors can ascertain, glutathione takes no part in such 
oxidising agencies as are associated with the oxydases ’’ present 
in the cold-water extracts of tissues. The nature of the oxidation- 
reduction systems existing in washed tissues still requires a good deal 
of elucidation, but it is quite clear that the thermolabile and unstable 
factors which are probably responsible for the effects observed by 
Thunberg (the “oxydones’’ of Batelli and Stern are distinct 
from the thermostable factors described by Hopkins and Dixon 
and by Meyerhof. It is rather in relation to the respiratory 
substance ” (Atmungskorper) and the oxidising system described 
by the latter investigator that glutathione must be considered, and 
11. D. Dakin,^^ for one, has suggested that Meyerhof’s activator to 
respiratory activity in killed washed yeast may be none other than 
the new dipeptide. 

The experiments of Meyerhof on the power of thioglycollic acid 
to restore the "" respiration ” of killed, washed yeast are of great 
interest in the light of Hopkins and Dixon’s observations that 
washed tissues actually have the power to eSeot the reduction 
of ditlxiodiglycoUic acid : 

SaCbHa-COaH)^ 2SH-CH2-C02H. 

Skand, Arch, Physiol,, 1920, 40, 1 ; A., 1920, i, 784, 

so Biochem. Z„ 1921, 113, 257; A., 1921, i, 230. 

31 Ueber den Meehanismus der Oxydationsvorgange^im Tierorganismus,’’ 
Jena, 1914. 

ss Physiol, Bev,, 1922, 1, 394. 



192 ANKtTAI* BBPOBM OIT THU PBOGBEiSS OP CHUMISTHY. 

Dithiodiglycollic acid promotes oxygen transport less effectively 
than does oxidised glutathione in the change. 

CHg— S— S— 9H2 CH^— SH 

CH-NH- - CH-NH‘- CH-NH™ 

CO G CO- G CO” G 

If the conception of the Atmungskorper ’’ be such that it is 
regarded as representing the action of two or more substances each 
related to some particular aspect of respiratory oxidation, then 
glutathione is one of these, its activity being mainly relative to 
respiratory factors which are thermostable. We may perhaps quote 
an extract from the paper by Hopkins and Dixon : The facts 

suggest that coexisting in living tissues with the special enzymic 
mechanism is a thermostable mechanism for oxidations and reduc- 
tions. Materials in close association with structural elements are 
oxidised, aerobically or anaerobically, with the coagency of the 
sulphur groups of glutathione,’’ The nature of the thermostable 
agent or agents residual in the washed tissues is as yet undiscovered. 

Mammary Secretion. 

A study of the origin of milk fat and its relation to the metabolism 
of phosphorus has been made by J. Sheehy,^® who finds that carbo- 
hydrate and fat can replace each other in the diet for the manufacture 
of fat by the mammary gland. His conclusion that the immediate 
precursor is a diffusible substance of the nature of a phosphatide 
constitutes further support for the work of E. B. Meigs, N. R. 
Blatherwick, and C. A. Carey, who showed that the increase in 
inorganic phosphate after the blood has passed through the mam- 
mary gland is sufficient to account for the whole of the milk fat 
having been formed from a precursor of that type. The significance 
of phosphorus in the transport of fat in the animal body is also 
emphasised by Bloor in a useful review of the subject.^^ 

The significance of colostrum remains obscure. J, H. Lewis 
and H. G. Wells regard it as a source from which the young derive 
the specific anti-bodies of the maternal organism which are believed 
to be associated with the globulin fraction. Support for this view 
may perhaps be derived from the experiments of T. Smith and R. B. 
Little,^® who found that calves are more liable to succumb to 

Biochem. J., 1921, 15, 703. 

®^ J. Biol. Chem., 1919, 37, 1 r A., 1920, i, 203. 

Ibid., 1920, 40, 469. 

®« Physiol. Eev., 1922, 2, 92. 

®’ J. Amer. Med. Assoc., 1922, 78, 863. 

®® y. Mxper. Med., 1922, 36, 181. 
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bacterial invasion when they are deprived of colostrum. Whether 
this protective action is directly due to anti-bodies or indirectly to 
a strengthening of the resistant powers of the organism by other 
factors is not yet clear, but it must be recalled that colostrum is 
richer than ordinary milk in vitamin-^, and that there is a good deal 
of evidence that this substance assists to maintain the defence of 
the body’s tissues It would now seem to be established with 
some certainty that the diet of the lactating female is the chief 
factor determining the concentration of vitamins in the milk, but 
the paper by C. Kennedy and R. A. Dutcher is important because 
it proves that the vitamin value of the milk of cows can be main- 
tained throughout the winter period of stall feeding by care in the 
selection of a ration consisting of a proper balance between grains 
and leafy foods. The far-reaching influence of the diet of the mother 
on the nutritive value of the milk is further illustrated by the experi- 
ments of G. Hartwell. In a study of the effect of diet on mammary 
secretion,^^ she investigated the effect of changing the balance of 
the chief food components, and discovered that an excess of protein 
tends to cause an interference with the normal lactation leading to 
nutritional disturbances in the young. Further experiments ^ 
confirmed this observation, but the cause of this effect of the pro- 
tein has not yet been ascertained with certainty. Apparently the 
high protein diet is not in itself deleterious, a view supported by 
the results of J. C. Drummond, G. P. Crowden, and E. L. G. Hill,^^ 
but it seems to demand a readjustment in the balance of certain 
other food units. The beneficial influence of a supplement of fresh 
milk or marmite (commercial yeast extract) led to suggestions being 
advanced that the vitamin-R may be the factor concerned, and 
further researches by Hartwell appear to confirm this view.^® In 
continuance of her studies on the influence of proteins on mammary 
secretion, Miss Hartwell has been unable to obtain evidence that 
edestin possesses any specific action as a galactogogue.^'^ 

Sugar Metabolism and Diabetes. 

The mechanism by which dextrose is broken down in the animal 
body is a subject which continues to attract widespread interest. 

'Dr umm ond, Coward, and Watson, ^iochem, «/,, 1921, 15, 540. 

^0 J. Biol. Chem., 1922, 50, 339. 

Biochem. «/., 1921, 15, 141. 

Jhid., 563 . 

Ibid., 1922, 16, 78. 

J. Bhyaiol., 1922, 56, 413. 

C. Kennedy and Xi. S. Palmer, J. Biol. Oh&tn., 1922, 54, 217. 
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There is a tendency at the moment, however, for chief attention to 
be transferred from the intermediate stages, in which the hexose 
molecule is degraded, to the elucidation of the changes which are 
believed to occur before the sugar molecule is actually broken. 

The researches of Embden and his co-workers have made it 
appear probable that phosphorus compounds are concerned in the 
early stages of the metabolism of hexoses, and his conception of the 
role of hexosephosphoric acid in the molecule of the lactacidogen ” 
complex presents an interesting parallel with the current views 
on the significance of this acid in the fermentation of sugars by 
yeast. D. L. Foster and D. M. Moyle have recently found that 
chopped muscle not only has the power to break down added 
hexosephosphate in vitro, but also has the ability to S3mthesise 
that complex from dextrose and phosphoric acid. On all hands, 
evidence is accumulating that the hexose molecule, before it can 
be broken down in the normal manner by living cells, must pass 
through the state of hexosephosphate, and there can be little doubt 
that during this process a rearrangement of the molecule occurs 
with the production of a highly reactive form of the sugar. 

The role of phosphates in the oxidation of hexoses in the living 
cell has led A. Harden and F. R. Henley to examine the signific- 
ance of these salts in the oxidation of dextrose by hydrogen peroxide. 
W. Lob and his co*- workers believe that the oxidation depends on 
the hydroxyl-ion concentration and that phosphates exert a specific 
accelerating effect on the reaction. This view was supported by 
Witzemann,^^ who further suggested that the specific action of the 
phosphates might be attributable to the necessity of the inter- 
mediate formation of a hexosephosphate. Harden and Henley’s 
investigations show, however, that the action of phosphates in 
this oxidation is not specific, but that it depends on their power 
to regulate the reaction of the medium. Other buffer ’’ systems 
were equally effective. H. Elias and St. Weiss ^ have found that 
intravenous injections of sodium mono- and di-phosphates may 
lower both alimentary and diabetic hyperglyoeemia, but they do 
ij^ot influence the level of blood-sugar in normal subjects. It is 
suggested that in the former cases either the combustion of dextrose 
is stimulated or that storage of hexose, possibly as a phosphoric 
acid complex, may occur. 

Z. physiol, ahem., 1914, 93 , 1, 94, 124; A., 1915, i, 344, 345, 346. 

Biochem. 1921, 15, 672; A., i, 398. 
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J. Biol. Ohem., 1920, 45, 1; A., 1921, i, 160. 
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Speculation as to the reactive form of sugar produced by the 
hypothetical preliminary rearrangement is already active. A. 
Bornstein and K. Holm believe it to be Isevulose or a related sub- 
stance, but probably more support is to be given to the suggestion 
that it is the reactive ethylene-oxide form of dextrose. J. A. 
Hewitt and J. Pryde have already presented evidence that sol- 
utions of dextrose and laevulose in contact with the mucous membrane 
of the intestine are converted into y-glucose. Such views have led 
to a re-examination of the nature of the reducing substances of the 
blood by E. A. Cooper and H. Walker. They have found that 
dextrose is the chief reducing substance present, but that other 
reducing substances of a more complex nature are occasionally 
detectable. They obtained no evidence, however, that human 
blood can transform dextrose or Isevulose into the highly reactive 
ethylene-oxide forms, an observation which confirms the results of 
J. A. Hewitt and I>. H. de Souza.^*^ 

More recently still, E. B. Winter and W. Smith have definitely 
advanced the opinion that the sugar present in normal blood 
is an unstable form of glucose of low initial rotatory power and 
possibly the so-called y-glucose or ethylene oxide form of 
dextrose. This view is based on their observations that in 
the protein-free filtrates of normal blood the copper-reducing 
values and those obtained by polarimetric determinations at first 
show disagreement, but after some, time, two to three days, the 
values in the latter case gradually approach the former until agree- 
ment is reached. In the case of diabetic bloods, however, the 
polarimetric readings gave higher values than the copper method ; 
but here again, after a period of time, agreement between the two 
determinations was obtained. 

It is suggested that the blood-sugar in cases of diabetes is the 
a- p- dextrose and that the failure of the organism to utilise sugar 
in this disease is due to the absence or inactivity of an enzyme 
which in the normal subject converts the a- and p-sugars into the 
active y-form. Their suggestions are of very great interest and may 
lead to results of the highest importance, but the evidence on which 
they are advanced is far from being as convincing as might be 
desired. 

The inability of the diabetic organism to utilise dextrose has for 
a long time been associated with a disturbance of the internal 
secretion of the pancreas. The classical researches of von Mering 
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and Minkowski demonstrated that a condition closely resembling 
human diabetes mellitus may be established in dogs by complete 
extirpation of the pancreas. 

This led Lepine to suggest that the condition is due to 
the withdrawal of an internal secretion of the pancreas whicli 
is essential for the utilisation of sugar. Many attempts have 
since been made to demonstrate the existence of a pancreatic 
hormaone, chiefly by the administration of extracts prepared by 
various means from the gland, 63, 64, 65 ][3ut although occasion- 
ally evidence was obtained of an improved utilisation or of a 
temporary reduction of the sugar output, the results were never 
conclusive. The cause of the uncertain activity of the preparations 
was not definitely ascertained, but by some it was considered to be 
the destructive action of trypsin. These views, together with 
pathological evidence that the islets of Langerhans frequently 
show atrophy in cases of diabetes, have led two young Canadian 
clinicians, F. G. Banting and C. H. Best, of Toronto, to investigate 
the action of extracts of the islets alone in the treatment of experi- 
mental diabetes in dogs. This was attained by preparing extracts 
either from foetal glands, in which only the islet tissue was present, 
or from glands in which atrophy of the other parts of the structure 
had been induced by ligature of the pancreatic duct. The adminis- 
tration of these extracts to diabetic dogs was found to bring about 
a very marked fall in the blood- and urinary- sugar and to improve 
the general condition of the animals in a most striking manner.*^® 
Encouraged by their success, they proceeded to attempt the ex- 
traction of the active substance from normal ox pancreas, using 
alcohol as a means of preventing enzyme action, a method previously 
employed by Scott. The material thus prepared proved so 
potent in the treatment of dogs that it was tried in a severe case of 
diabetes in a boy of fourteen. The result was a reduction of the 
blood-sugar by 25 per cent.®^ 

To the active substance present in these extracts the discovei*ers 
give the name “ insulin/’ By mobilising a team of research workers, 
the Toronto investigators have in a remarkably short time reported 
a considerable progress in the study of this new substance. The 
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method of preparation has been improved by J. B. CoUip,®^ whose 
process, now generally employed, is a prolonged and rather laborious 
fractionation by means of alcohol. 

The administration of insulin not only reduces the hyperglycsemia 
in diabetes, but also that associated with sugar puncture, adrenalin, 
or ether anaesthesia,^^ which may help to explain the observations 
of L. Adler that the simultaneous administration of pancreatic 
extract, made from hibernating hedgehogs, more or less completely 
suppresses the action of adrenalin and other substances which, 
given alone, rouse the hibernating animal and restore its body 
temperature to summer level. Furthermore, insulin will induce a 
condition of hypoglycsemia in normal animals. This fact is made 
the basis of the provisional pharmacological standardisation of 
insulin extracts. A unit dose is described as that amount which on 
subcutaneous injection will reduce the percentage of blood-sugar 
in a rabbit of 2 kg., which has been starved for sixteen to twenty- 
four hours, to 0*045 per cent.*^^ The latter figure is chosen because 
the fall of the blood-sugar to that level is marked in rabbits by the 
appearance of characteristic symptoms which take the form of 
violent convulsions and which, with intervals of coma, terminate 
fatally. The extraordinary fact appears established that there is 
a definite relationship between the amount of insulin and that of 
sugar catabolised, for the symptoms of an overdose of insulin can 
immediately be dispelled by the administration of an appropriate 
dose of sugar. This also applies to the treatment of human cases. 

In addition to restoring a normal blood-sugar level in diabetics, 
insulin tends to restore the respiratory quotient to normal figure, 
and also to cause the disappearance of the so-called “ acetone bodies ” 
from the urine. In experimental animals, it has also been found to 
re-establish the normal balance between glycogen and fat in the 
liver and to restore a normal glycogen content of the heart. The 
clinical use of insulin is described by Banting, Best, Collip, Campbell, 
and Fletcher, who find that the administration of suitable doses 
by subcutaneous injection twice daily removes the cardinal symptoms 
in a few hours, and, enabling a higher calorific intake to be consumed, 
leads to an increase of weight and marked improvement in the 
mental and physical condition of the patient. Much work remains 
to be done before the remedy can be widely employed, and no small 
part of its future success will probably depend on whether during 

Banting, Best, Collip, Maoleod, and ^NToble, Trans. Hoy. Soc. Canada, 
1922, 16 , Sec. 

Maoleod, JBHt, Med. J., 1922, 833. 

Arch. exp. JPath. JPharm., 1921, 91 , 110; A., i, 195. 

Amer. J. Physiol., 1922, 42 , 162. 

Canad. Med. Assoc. J., March, 1922. 
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the period of insulin treatment the pancreas is able gradually to 
restore its normal function. However this may be, full credit 
must be given to the Toronto investigators for a very thorough and 
painstaldng piece of research which has yielded results of fund- 
amental importance both in the clinical treatment of diabetes and 
in the purely scientific study of sugar consumption in the animal 
body. It is a regrettable fact that already the armchair critics 
are busy with attempts to belittle this fine work, and many of the 
letters which have appeared in the medical Press sadly remind one 
that the conservatism and jealousies which opposed such advances as 
were instituted by Pasteur and Lister are by no means dead. 

Calcium Metabolism and Vitamins. 

Although Professor Barger treated this subject in last year’s 
Report, the advances which have been made during the last twelve 
months, as well as the widespread interest in this subject, lead me 
to devote attention to it again this year. Whatever may be their 
views on the aetiology of rickets, practically all authorities acknow- 
ledge the beneficial effects of treatment of this disorder with cod- 
liver oil. On the one hand, the supporters of theories associating 
rickets with unhygienic environment or bacterial infection attributes 
the influence of cod-liver oil to its indirect action in increasing the 
resistant powers of the body (Paton),^^ whilst those who favour 
the dietetic origin of the disease tend to ascribe its effect to the 
presence of an anti-rachitic vitamin. As Mellanby showed in 
his experimental studies of rickets in dogs, the effect of fats in pre- 
venting rickets is roughly parallel to their power to promote growth, 
and accordingly he inclined to the view that the anti-rachitic vitamin 
is identical mth vitamin-A . 

The position has, however, been considerably obscured by a mass 
of published work on the subject which has appeared during tlic 
last year. It would be impossible in the space at my disposal to 
attempt a review of this work in its entirety, but from it three main 
conclusions may be drawn. The first is the observation, now 
generally confirmed, that sunlight or exposure to ultra-violet light 
will prevent or cure rickets in spite of the diet being defective ; 
secondly, it is apparent that not only a deficiency of some factor 
present in cod-liver and other oils may induce the onset of rickets, 
but also that this condition may result from a disturbance of the 
calcium-phosphate balance in the diet even when the hyj>othetical 

73 Brit. Med. J., 1922, i, 379; Glasgow Med. J., 1922, 97^ 129. 

‘ 7* Special Report ISTo* 61, Mescal Research Council, 1921. 

A. F. Hess and R. J. Hriger, J. Amer. Med. Assoc., 1921, 77, 39; Amer. 
J. Bis. Child., 1921, 23, 18C; Proc. Soc, Exper, Biol. Med., 1921, 18, 29B. 
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anti-rachitic vitamin is present in what is believed to be a sufficient 
amount.'^® Finally, McCollum and his co-workers suspect the 
existence of an anti-rachitic vitamin distinct from the vitamin-j4, 
which they regard as mainly concerned with growth. 

Confirmation of the beneficial action of ultra-violet light has 
been obtained by most workers, and a particularly interesting 
investigation which covers this point is reported in a communica- 
tion by H. Chick, E. E. Dalyell, M. Hume, H. M. M. Nackay, H. H. 
Smith, and H. Wimberger,'^® who have for two years been maldng 
a close study of deficiency diseases in Austria. With regard to the 
suggestion of the existence of more than one vitamin in certain fats, 
one feels that the evidence submitted by McCollum tends to support 
such a view, but that he has perhaps not yet considered the matter 
sufficiently from the quantitative point of view. As S. S. 
Zilva and I. Muira showed, cod-liver oil may contain a concentr- 
ation of vitamin-A more than 200 times greater than that found in 
butter, and to our mind some of McCollum^’s results might be 
explained on this basis as well as by assuming the existence of two 
separate factors. This has been also pointed out by Zilva.^^ The 
apparent difference in the destruction of the two factors reported 
by E. V. McCollum, IsT. Simmonds, and J. E. Becker,®^ is; however, 
rather strong evidence in favour of two separate factors, one 
of which is concerned in growth and the prevention of keratomalacia 
and the other playing a role in calcium deposition. 

The whole subject of rickets is reviewed in an excellent mono- 
graph by V. Korenchevsky,®^ which contains a very extensive 
bibliography. The conclusions he has drawn from this review 
and from his own careful experimental work give general support 
to the dietetic theories of the origin of the disease. For the preven- 
tion of rickets the following factors may, in his opinion, be taken as 
most important : adequate amounts in the mother’s diet of anti- 
rachitic factor ( ? vitamin- A), calcium, and phosphates during preg- 
nancy, and especially during lactation ; a similar diet for the infant, 
and abundant light, fresh air, and exercise. Similar conclusions 
are also drawn from another quarter by H. C. Mann, who has just 
published the results of a careful clinical investigation into the 

76 E. V. McCollum, IST. Simmonds, P. G. Shipley, and E. A. Park, J. Biol. 
Ghent., 1921, 47, 507; A., 1921, i, 757. 

7 7 E. V. McCollum, IST. Simmonds, J. E. Becker, and P. G. Shipley, Bull. 
John Hophins Hosp., 1922, 33, 229 ; Shipley, Park, McCollum, and Simmonds, 
Amer. J. Hyg., 1921, 1, 512; Amer. J. JOis, Child., 1922, 23, 91. 

78 Lancet, 1922, ii, 7. 

78 JUd., 1921, i, 323. 

«» Ihid., 1922, i, 1244. 

81 j. Biol. Ghent., 1922, 53, 292. 

88 Special Report No. 71, Medical Research Council, 1922, 
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relative importance of environment and diet as factors in the 
causation of rickets in London children. In view of the discovery 
of the action of light in preventing and curing rickets, it would appear 
that convergence of opinion between the two extreme schools of 
thought will shortly take place. In any case, modern researches 
leave no excuse for the continuation of the destructive effects of 
this terrible disease. As has been stated above, there is already 
general agreement on the beneficial effects of the administration 
of cod-liver oil in rickets, so that considerable interest attaches 
to the efforts to isolate the active substance it contains. The older 
theories attributed the almost specific action of cod-liver oil to 
various causes. By some it was held that the minute trace of iodine 
found in the oil is the active constituent, whilst others believed the 
therapeutic value to be dependent on the small amounts of nitrogen 
bases frequently present. A third theory which held ground for a long 
time regarded the peculiar nature of the unsaturated fatty acids as 
being responsible for the ease with which the oil can be absorbed and 
utilised by an ill-nourished system. All these theories are now unten- 
able, since it has been shown that the active substance can be 
transferred almost without loss to the unsaponifiable fraction of 
the oil, if precautions are taken to prevent oxidation.®^* This 

fraction contains no detectable trace of nitrogen or iodine and is 
of course entirely free from fatty acids. 

That the anti-rachitic vitamin and vitamin-A are probably of 
the same type, if McCollum should be correct in thinking that they 
are not the same substance, is indicated by the observations of 
T. F. Zucker, A. M. Pappenheimer, and M, Barnett and of T. P. 
Zucker and M. B. Gutman.®^ Attempts to fractionate the unsapoiii- 
fiable material from cod-liver oil hy J- G. Drummond and K. H. 
Coward have as yet yielded no positive information regarding the 
nature of the vitamin.®^ The origin of the vitamin in cod-liver oil 
and other fish oils has been studied by J. C. Drummond and S. S. 
Zilva,®® who drew the conclusion that the primary source is repre- 
sented by the marine plant life, chiefly unicellular. The actual 
synthesis of the vitamin by a typical marine diatom, Nitszchia 
closterium, growing in pure culture in an inorganic medium, was 
demonstrated by H. L. Jameson, J. C. Drummond, and K. H. 
Coward,®^ whilst the presence of the growth-promoting factor in 

Special Beport No. 68, Medical Besearch Council, 1022, 
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such organisms has also been recorded by J. HJort.®^ An exhaustive 
study of the modem methods of the preparation of cod-liver oil 
satisfied J. C. Drummond and S. S. Zilva that little appreciable loss 
of vitamin-^ occurs, unless attempts are made to bleach oils of 
inferior quality by methods involving oxidation.^^ These sub- 
jects are also arousing considerable interest in agricultural circles. 

E. B. Hart, J. G. Halpin, and H. Steenbock have examined the 
causes of weakness of the legs in chicken and conclude from their 
investigations that a factor of primary importance in avoiding this 
trouble is an adequate supply of the vitamins present in cod-liver 
oil. R. H. A. Plimmer and J. L. Rosedale,^® while agreeing that the 
administration of cod-liver oil is of great value to chicken that are 
being reared on the intensive system, are inclined to attribute the 
characteristic tendency to weakness of the legs in such birds to 
an insufficient supply of vitamin-R. 

The assimilation of calcium by milking cows has been carefully 
studied by a group of investigators at the University of Wisconsin, 
and their results have considerable practical importance. E. B. 
Hart, H. Steenbock, C. A. Hoppert, and G. 0. Humphrey have 
found it possible to maintain milking cows in calcium and phos- 
phorus equilibrium when on a ration of alfalfa (lucerne) hay and 
cereal products, provided that the hay had been cured in a manner 
which prevented undue exposure to air or sunlight. When the 
hay had not been prepared with these precautions,^'^ negative 
calcium balances tended to prevail. The difierence in the effect 
of the two types of hay is attributed to a difference in the degree 
of destruction of a vitamin which assists calcium assimilation during 
the curing process. On green alfalfa, calcium retention was more 
marked than when the hays were used.^® 

Lipoids. 

The researches of Devene and his colleagues on lecithins continue 
to clear up various points concerning the structure of these sub- 
stances. P. A. Levene and T. Ingvaldsen,®^ and P. A, Levene and 
H. S. Simms ^ have shown by their studies of liver lecithins that 
several, possibly four, such compounds exist. Later investigations 

JProc. Roy. Soc.^ 1922, [B], 93, 440. 

93 J. Soc. Chem. Ind.^ 1922, 41, 280t. 
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have been concerned with the nature of the fatty acids present in egg- 
lecithin, ^ brain-lecithin,^ and kephalin.^ Comparing the mixed 
lecithins of liver and those of the egg-yolk, the main difference is 
seen to lie in the much larger proportion of highly unsaturated 
fatty acids present in the former substances. The possibility has not 
yet been adequately considered that the variety of lecithins and the 
highly unsaturated nature of the fatty acids they contain are duo 
to the part which lecithin probably takes in the transport and inter- 
mediate metabolism of fats. Brain lecithin and kephalin were 
found to contain oleic acid as well as acids in which more than 
one double bond is present. Of the latter acids, arachidonic acid 
was detected in the form of its octabromo-derivative or by reduction 
to arachidic acid. Besolution of Linnert’s '' sahidin into several 
fractions, of which one was lecithin, by S. Frankel and A. Kass ® 
has further simplified the list of lipoids, but in another paper the 
same authors have made up for the loss by describing a new phos- 
phosulphatide from brain. 

The substance tethelin,” isolated from the anterior lobe of the 
pituitary gland, by T. B. Robertson,^ and believed by him to be the 
growth-promoting principle of that tissue, has been examined by 
J. C. Drummond and R. El. Cannan,^ who conclude that the product 
is an impure mixture of lipoid substances. They were also unable 
to confirm that tethelin, or indeed the anterior lobe of the pituitary 
gland itself, has any effect on the growth of mice when administered 
by the mouth. 

J. C. Dbummoki). 

® P. A. Levene and I. P. Bolf, J. Biol. Chem.^ 1922, 51, 507; A., i, 621. 
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AGRICULTURAL CHEMISTRY AND VEGETABLE 
PHYSIOLOGY. 

With one or two possible exceptions, the year 1922 has not been 
marked by any really outstanding discoveries in the domain of 
agricultural and plant chemistry. There has, however, been 
steady progress along the lines aheady developed; the results of 
the work of recent years are being sorted out and viewed in proper 
perspective ; many confLictmg views and contradictory findings 
are being reconciled by the increasing realisation of the complexity 
of the problems involved; thus the ground is being cleared and, 
one hopes, suitable jumping- o:ff places are being made in preparation 
for further advances into the unknown country beyond the present 
frontiers of our knowledge. 

In the present Report the results which have been published 
in the past year will be utilised in an attempt to indicate the relations 
of the various parts of this branch of chemistry to one another. 
This can be done most easily and logically by taking the living 
plant as the point about which all our problems centre, and con- 
sidering these problems mainly in their bearings on the plant. The 
normal development of the living plant depends on an adequate 
supply of the raw materials from which it builds up its tissues, 
and on the maintenance of conditions favourable to the processes 
whereby it effects that synthesis. Of these raw materials all save 
carbon dioxide, and in certain cases nitrogen, are supplied by the 
soil, which is therefore considered first under the proposed method 
of treatment of‘ the subject. The conditions obtaining in the soil 
are then considered in their relation to the growth of the plant, 
after which the processes whereby the plant constituents are built 
up from the raw materials obtained from the soil and from the air 
are discussed. The chemistry of plant products caEs for notice 
in this Report only in its bearings on the mechanism of the vital 
i)rocesscs of the plant and on the characterisation of different 
species by their constituents. The chemistry of the vegetable 
micro-organisms forms a distinct branch of the subject, except as 
regards the micro-organisms of the soil, and is dealt with, so far as 
space allows, in a separate final section of this Report. 

Eertilisers, and the more technical aspects of soil work, including 
soil analysis, are only dealt with incidentally in this Report. These 
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aspects of the subject are discussed in the Report to the Society 
of Chemical Industry on Soils and Fertilisers.” 

The Soil, 

From the point of view of plant nutrition, the most important 
of the constituents of the soil system is the liquid phase, the so-called 

soil solution,” the medium from which the roots absorb moisture 
and nutrient substances. The concentration and composition of 
this solution are dependent, on the one hand, on the moisture 
relationships of the soil, and on the other on the nature of the 
mineral and organic soil constituents, which are subject to attack 
by purely chemical and by biological agencies. According to 
modern conceptions, the particles constituting the mineral frame- 
work of the soil are coated with a colloidal layer comjDosed in part 
of the products of weathering of minerals, and in part of the degrad- 
ation products of organic residues. This colloidal layer exerts a 
profound influence on the physical, chemical, and biological 
properties of the soil. 

The Soil Colloids, 

The organic colloidal matter of the soil is coiiveiiicntly described 
as humic matter, although the terms humus ” and humic acid ” 
now have a more precise significance to the soil chemist : thc^ 
former term refers to that part of the soil organic matter that is 
soluble in alkali and precipitated by acids, whilst humic acid,” 
strictly speaking, consists of that part of the humus that is insoluble 
in alcohol. 

There is considerable controversy in Germany as to the mode of 
origin and the chemical nature of humic acid, although the question 
there at issue is the relation of this material to coal formation. 
Eller and Marcusson ^ have advanced rival theories according to 
which humic acid is derived from phenolic substances and from 
furan derivatives, respectively. Marcusson ^ maintains that the 
humic acids obtained from brown coal contain condensed furan 
and benzene rings, and that they stand in close relationship to, if 
they are not identical with, the synthetic acids prepared from 
sugars. He is supported by Jonas ^ in asserting that Eller’s 
products do not resemble the naturally occurring humic acids, but 
Eller ^ maintains his position. Schrader has studied the production 
of humic acid from lignin by alkaline oxidation.^ The uncertainty 
of the whole position is really due to the lack of characterisation of 

^ Ann. Reports, 1921, 18, 194. 
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humic acid. The grounds on which the various artificial products 
are stated to be identical with the natural material are usually 
far from convincing. Further work on the lines of that of Od4n ® 
on the humic acid of peat is needed; the problem is at present 
being studied on these lines in the Rothamsted laboratories. The 
so-called '' ulmin ” which forms a principal constituent of dopplerite, 
a gelatinous deposit found in peat bogs, is probably closely related 
in nature and in mode of formation to the humic acid of the soil. 
A suggestive investigation of this material has been carried out in 
this country.'^ 

Whatever may be the mechanism of humification, the resulting 
product is of great importance in the soil. Its action, which con- 
sists partly in modifying the moisture relationships and other 
physical properties of the soil, has been discussed by the reporter.^ 
The inorganic colloidal matter of the soil, variously known as the 
clay '' (in this country), the ultraelay ’’ (in the United States), 
or the colloidal clay (in Germany), consists of the very fine 
minei*al particles of the soil, and of the products of weathering of 
the soil minerals. From the fact that the smallest clay particle 
that could be observed by microscopic methods had a diameter of 
about O-OOOl mm., Whitney ^ has advanced a hypothesis in which 
the non-observance of particles smaller than this is assumed to be 
due to the fact that particles of this size contain so few molecules 
that they are disintegrated by the bombardment of water molecules, 
leaving the oxides of silicon, aluminium, and iron in colloidal form. 
It must, however, be pointed out that particles of diameter less 
than 0-0001 mm. are beyond the resolving power of the microscope, 
so that their non-observance is no evidence that they do not exist. 
Gordon disagrees with Whitney’s theory, and prefers to regard 
the process as based on chemical reactions of hydrolysis, etc. To 
the writer, this discussion seems to be rather beside the mark; if 
the nature of the products of weathering of soil minerals, and 'the 
effect of conditions on the process, can be elucidated, it matters 
little whether they are produced by bombardment with water 
molecules, or by hydrolysis, if indeed these do not both mean 
practically the same thing. 

The effect, on the decomposition of minerals, of micro-organisms 
such as diatoms or bacteria has been investigated. 

® For example, S. Od4ii, Trans, Taraday 3oc,, 1922, 17, 288. 
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It has been shown that the values of such physical constants 
of a soil as density, pore space, water-absorbing power, swelling 
on moistening, are directly related to the amount of clay or organic 
matter in the soil. 

jPAe flocculation of soils, which has such an important bearing 
on the moisture relationships, and on tilth, is of course a function 
of the colloidal matter in the soil. Comber’s hypothesis with 
reference to the flocculation of soils by lime has been 
developed and strengthened by further work ; it seems 
reasonably certain that the abnormal flocculation of clay 
by calcium salts in the presence of alkali is due to the emulsoid 
siliceous gel coating around the particles, which masks to a 
greater or less degree the suspensoid properties of the minei’al 
core. The same hypothesis has been used to explain the differ- 
ence between what are known in the ceramic industry as fat ” 
and lean ’’ clays. A comprehensive study of the floccu- 
lation of clay and peat by calcium salts in alkaline solution has 
also been carried out by Mattson.^'^ Clay suspensions, if left 
undisturbed, frequently show a curious layer formation. This 
phenomenon has been investigated,^® and it is stated that in any 
one layer the particles are of uniform size, and that the space 
between the layers contains particles uniformly dispersed. From 
the rate of rise or fall of the layers the size of the particles may bo 
calculated by means of Stokeses law. Clays of different origin 
and different reaction have been found to have the same isoelectric 
point.^® Flocculation has been used as the basis of a method for 
the determination of colloidal clay in soils and it is claimed that 
the method is more trustworthy than that based on hygroscopicity 
measurements. 

Absorption and basic exchange, between the soil colloids and the 
constituents of the soil solution, have an important bearing on the 
composition and concentration of the latter. Many of the short- 
comings of present methods of soil analysis may be ascribed to a 
lack of sufficient discrimination between that part of the bases of 
the soil which is absorbed, and therefore capable of liberation by 
basic exchange, and that part which is actually insoluble, but 
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capable of solution by acids. Hissink bas carried out a suggestive 
investigation on this point, which merits detailed perusal. The 
present state of our knowledge of absorption and basic exchange in 
soils has been reviewed by Fisher and by von Nostitz,^^ has 
demonstrated how the whole of the readily available potash in a 
soil may be removed by basic exchange with ammonium nitrate, 
followed by leaching, so that plants grown on soil so treated show 
all the symptoms of potash-starvation. The influence of soil 
colloids and of hydrogen-ion concentration on the availability of 
calcium, potassium, and phosphates and of ammonium salts 
has also been investigated. 

Biochemical Changes in the Soil. 

The composition of the soil solution is influenced not only by 
the chemical processes of weathering and the like, and by physico- 
chemical phenomena such as absorption and basic exchange, but 
also to an even greater extent by the biochemical processes brought 
about by the plentiful and varied soil microflora and microfauna. 

The nitrogen cycle — the complex series of reactions through 
which the nitrogen compounds of the soil pass — is perhaps of the 
greatest importance in this connexion. Nitrogen is added to the 
soil in the form of artificial fertilisers and of plant and animal 
residues, and by means of biological fixation, whilst it may be 
lost by leaching, by evolution of gaseous nitrogen, and by absorp- 
tion by the growing crop. The level at which the nitrogen content 
of any soil stands depends on the interaction of these factors, which 
are variously affected by different conditions.^® 

Nitrogen fixation by free-living bacteria in the soil is a factor 
as to the quantitative importance of which under field conditions 
there is still some uncertainty. The influence of salts on the 
process has been investigated ; it was found that nitrogen-fixing 
bacteria were much more resistant to the toxic action of salts than 
are ammonifiers and nitrifiers, and that many common soil salts 
had a stimulating action. Boric acid causes increased fixation by 
Azotobacter chroococcum in the presence of humus, although its 

D. J- Hissink, Intemat. MiU. Bodenhunde^ 1922, 13, 81. 
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action in absence of the latter is inappreciable. The same is true 
of its toxic effect in higher concentrations.^^ A new nitrogen-fixing 
bacillus has been described.^^ The functions of the unicellular 
green algse which are present in most soils are not yet known. 
According to Wann,^o they can assimilate atmospheric nitrogen; 
this result, if confirmed, might be of considerable importaiice in 
relation to the nitrogen economy of the soil; according to work 
(as yet unpublished) in the Bothamsted laboratories, however, 
the question cannot yet be taken as settled. 

A moment’s reflection will show that in the process of ammoni- 
fication, whereby the nitrogen of the complex organic material of 
plant residues and the like is rendered soluble by the action of 
soil micro-organisms, the initial stages of the action of these 
organisms must depend largely and probably exclusively on extra- 
cellular enzymes, since the complex materials are all insoluble or 
colloidal, and therefore presumably cannot be absorbed as such 
into those micro-organisms which feed osmotically.” Several of 
the bacteria which are most commonly found in the soil have been 
shown to produce extracellular proteases which w'cre active 
within a range of hydrogen-ion concentration of pn 4 — 9, with an 
optimum zone of 6 to 7, a zone closely corresponding with the 
average hydrogen-ion concentration of a fertile soil. Moulds may 
also be active ammonifying agents ; the production of ammonia 
from protein by the action of Aspergillus niger lias been investi- 
gated.^^ The biological degradation of organic nitrogen compounds 
in humus forest soils has also been investigated.^® 

Nitrification — ^the final stage in the chain of reactions whereby 
organic nitrogen in the soil is rendered available to the plant — 
is a process requiring an ample supply of air. The physical con- 
dition of the soil thus has a direct effect on nitrate formation; 
this aspect of the subject has received further study The kinetics 
of nitrification have also been investigated ; the reaction as a 
whole is found to be an autocatalytic unimolecular reaction, increase 
in nitric acid being in accordance with the equation : 

log X — log(u4 — a;) = K{t ~ f). 

The proportions of the total nitrogen of a soil which arc present 

28 J. Voicu, Compt, rend,, 1922, 176, 317. 
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at any time in the form of soluble nitrate and of insoluble organic 
compounds depend on the interaction of the various groups of 
micro-organisms, and on their conditions. Thus it is known that 
in the presence of an abundance of a non-nitrogenous source of 
energy, such as carbohydrate, much of the soluble nitrogen in the 
soil is reassimilated by the soil organisms and thus locked up for a 
time in a form in which it is not available to the plant. The effect 
of a straw mulch in depressing the nitrate content of the soil has 
been investigated.^® This depression is greatest when the soil is 
at its wettest after rain; and it seems probable that this result is 
to be explained by the washing down into the soil of soluble decom- 
position products of the straw, which would then exert the action 
above mentioned.®'^ 

The sulphur cycle has received a considerable amount of attention 
of recent years. The reduction of sulphates to sulphides under 
anaerobic conditions, such as obtain in deep subsoils, has been 
found to occur in depths from 10 metres to 34*5 metres in the 
Amsterdam district.®® The organism operative in this process is 
Microspira desulphuricans. Sulphides are similarly found in the 
lower layers of peat soils.®® Under aerobic conditions, on the 
other hand, sulphate formation occurs. Demolon has studied 
the sulphur- oxidising power of soils and concludes that the 
ammonifying organisms are apparently respoiisible, and that the 
property is not bacteriologically specific. Sulphur-oxidation has, 
iiowever, received most attention at the New Jersey Experiment 
Station, by J. G. Lipman and his co-workers. Two specific 
organisms, TMobacillus thio-oxydans and Thiobacillus have been 
isolated ; the former, which acts best in acid media, is not com- 
monly found in cultivated soils, except after treatment with sulphur ; 
the latter, which acts in alkaline solution, appears to be closely 
related to Beijerinck’s Thiobacillus thioparus, and is commonly 
present in cultivated soils in America, especially black alkali ’’ 
soils. Thiobacillus thio-oxydans is an extraordinary organism; its 
optimum growth occurs at a hydrogen-ion concentration of 
2*8 — 2*0, and it can exist in a medium of p^ 0*58.^® It is auto- 
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trophic, utilising sulphur as a source of energy, and assimilating 
carbon dioxide. It has also been found that certain bacteria can 
oxidise zinc blende to zinc sulphate.^^ Lantzsch concludes, from 
an investigation into the various phases of the sulphur cycle, that 
the sulphur cycle in soil does not justify the assumption that free 
sulphuric acid is produced (directly or via hydrogen sulphide) 
and exerts a solvent action. An increase of soil acidity is obtained 
only with heavy dressings of sulphur.’’ ^ The bearings of sulphur- 
oxidation on the soil reaction and on crop production are discussed 
later in this Beport, 

Lantzsch also suggests the possibility of a direct connexion 
between nitrification and the solubility of the phosphates of the 
soil, inasmuch as it is stated that the seasonal maxima of nitrate 
content of the soil coincide with maxima for the phosphate content 
of the soil solution. 

Soil Moisture and the Soil Solution, 

The moisture relationships of the soil, which are so dependent 
on the amount of colloidal matter present, themselves have a direct 
bearing on the strength of the soil solution, inasmuch as the extent 
to which the latter may be subject to dilution or concentration 
varies with the moisture-holding capacity of > and rate of evaporation 
of water from, the soil. It has been found that the absorption of 
water by the colloidal matter extracted from a number of widely 
different American soils was relatively constant.*^® Oden has 
published a suggestive note on the hygroscopicity of clay.'^'^ The 
rate of evaporation of water from a soil receiving farmyard manure 
every year, and therefore relatively rich in colloidal organic matter, 
is less than that from unmanuced soil or from soil receiving only 
artificial fertilisers.^® The evaporation of water from soil in the 
field has been investigated by Helbig and Bossier.^® Evaporation 
of water from the soil tends to cause an accumulation of soluble 
salts in the surface layers of the soil. This takes place, as would 
be expected, during the summer months, especially in a dry summer, 
and is most pronounced in the top quarter of an inch of the soil.^^ 
In this investigation the concentration of soluble salts was detcr- 

A. Helbronner and W. Rudolfs, Gompt, rend,, 1922, 174, 1378; A., 
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mined by the freezing-point method, wliich has been extensively 
studied by Bouyoucos. This worker concluded from freezing- 
point and dilatometer measurements that a portion of the soil 
moisture was unfree,” and inactive as a solvent, Parker now 
presents evidence that Bouyoucos's assumptions are not well 
founded^ and that soils do not contain a considerable percentage 
of water which does not act as a solvent. Although the old classi- 
fication of soil moisture into hygroscopic, capillary, and gravitational 
water has certain objections, it seems to be the best yet offered. 
Keen has published a useful general discussion of modern views 
on the moisture relationships of the soil. 

As an alternative to the examination of the soil solution in siiu^ 
several methods have been devised for isolating it from the soil. 
These methods fall into several categories, one of which is the 
application of very high pressures to the moist soil. This method 
was used in California by C. B. Bipman, and it has now been 
developed in the same laboratory by Burgess,®^ who by the applic- 
ation of pressures up to 16,000 lb. per square inch has succeeded in 
expressing from soils at a moisture content of 50 per cent, of their 
moisture-holding capacity, between 45 and 60 per cent, of their 
total moisture. By an examination of the composition of the liquid 
so expressed, and comparison with a 1 : 5 water extract, it is con- 
cluded that the liquid obtained by the direct pressure method does 
represent the true soil solution, and further, that the balance of 
evidence is against the existence of unfree ” water, thus con- 
firming Parker’s conclusions.^^ 

In the reporter’s opinion, there is still some reason to doubt 
whether any of the methods for isolating the soil solution are 
really capable of doing so, at any rate for heavy soils, in which 
the amount of colloidal matter is high. These methods are usually 
most successful with coarse soils, in which it is not difficult to 
suppose that a large part of the soil solution may be regarded as 
existing as a free water film on the surface of the comparatively 
bare mineral grains. For heavy soils much greater difficulties are 
encountered, as noticed by Burgess with the Parker displacement 
method, and this is confirmed by experience of the same method 
in the Bothamsted laboratories. In such soils it must be supposed 
that the soil solution is to a large extent imbibed in the capillary 
channels of the compound particles, and in the hydrophilous gel 
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coating of the particles ; it will therefore be more difficult to remove 
than that in a coarse soil containing little colloidal matter, and in 
a displacement method the possibility of dilution by the displacing 
liquid will be considerable. The degree of hydration of the gel 
coating on the particle is doubtless much greater on the outside 
than towards the surface of the mineral '' core.” If this is so, it 
follows that by any method in which an attempt is made to remove 
the soil solution from the soil, a part of this solution will be removed 
with greater ease than the rest ; if at the same time it is assumed 
— and there appears to be some grounds for the assumption — ^that 
there is a concentration gradient in the soil solution as between 
the outside and the inner layers of the gel coating of the particles, 
then it would follow that the first portions of the expressed soil 
solution would have a different concentration from that of the 
portions removed later. This is not found for relatively coarse 
soils, but there is some indication of it in Burgess's results for 
soils containing a fair amount of clay. The concentration of the 
true soil solution could then only be expressed as a mean value, 
represented possibly by that of a portion of the solution collected 
when about half of the original soil moisture had been isolated 
from the soil. 

The reaction of the soil solution continues to provoke a bigger 
volume of work than practically any other soil problem. Much 
confusion has resulted in this field from the fact that '' soil acidity ” 
is a complex phenomenon, in the development of which several 
distinct factors are involved; these have not always been clearly 
distinguished. Bemmerman and Fresenius emphasise this point, 
and distinguish three types of soil acidity : (1) actual acidity of 
the soil solution, due to the presence of acids ; (2) latent acidity, 
developed in the presence of neutral salts, owing to the liberation, 
by basic exchange, of readily hydrolysed iron and aluminium salts ; 
(3) latent acidity, developed in the presence of salts of weak acids 
with strong bases, the base being absorbed by the soil colloids and 
the acid left. The measurement of the hydrogen-ion concentration 
of the soil solution does not necessarily give any indication of 
the amount of base required to bring about neutrality; this is 
determined partly by the buffer action of some of the soil con- 
stituents,®^ and partly by the fact that some of the base is precipit- 
. P, S. Burgess, loU ciU 
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ated or absorbed by the soil colloids. Calcium, hydroxide and 
bicarbonate are involved in this latter effect to different extents ; 
this helps to explain the different lime-requirement ” values 
given by the use of these two reagents.^® The titration curve 
obtained by measuring the rate of change of hydrogen-ion con- 
centration on the gradual addition of acids and alkalis gives valuable 
information as to the magnitude of the buffer effects in a soil, 
which will determine to what extent the latent acidity of the types 
specified under (2) and (3) above can produce harmful effects in 
the soil.®^ A well-buffered soil is more productive than a badly 
buffered one; clay soils are better buffered than sandy soils. 
The relation of the soluble iron or aluminium of the soil to soil 
acidity forms the basis of Comber’s qualitative test,®^ now described 
in a modified form ; su “ lime-requirement ” method based on 
this test has been described. It is usually supposed that acidity 
may be caused by the presence of aluminium salts owing to their 
ready hydrolysis. It is now suggested, however, that the presence 
of soluble aluminium salts in soils is the result rather than the 
cause of soil acidity.®® It seems likely that the first explanation 
may be correct in some cases, as in case (2) above, and the second 
in other cases, as, for instance, when mineral acid is produced in 
the soil by the use of physiologically acid ” fertilisers like sulphate 
of ammonia, or by the oxidation of sulphur. Crowther ®'^ has 
published a review of the physico-chemical aspects of soil 
acidity. 

The use of the bacterial oxidation of sulphur as a means of 
increasing the hydrogen-ion concentration of the soil continues to 
attract much attention in America. Potato scab disease can be 
controlled by treating the soil with sulphur inoculated with TMo- 
bacillvs thio-oxydans, the acidity produced by the oxidation of the 
sulphur being sufficient to inhibit the growth of Actinomyces 
scabies^ the organism responsible for the disease.®® Similarly, the 
alkalinity of “ black alkali ” soil can be reduced by treatment 
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with inoculated sulphur, although it is also necessary to leach 
out the salts if the full benefit is to be obtained.®^ 

The Effect of Soil G onditions and of F ertilis er s 

on Plant Growth. 

In the first section of this Report, the work of the past year has 
been considered in relation to the influence of the various soil 
factors on the soil solution ; in this section, the relation of the soil 
solution to the growth of the plant will be discussed. 

The effect of the concentration of the soil solution on plant growth 
is a question which is at present but little understood. The usually 
accepted view is that the plant root absorbs nutrient ions from the 
soil solution by osmosis. On this view, there will probably be for 
any plant a minimum concentration for each ion, below which the 
plant is unable to absorb that ion. The minimum value will vary 
for different ions and for different plants. The lack of knowledge 
as to the values of these minima is partly responsible for the 
difficulty of interpreting the results of soil analysis in terms of 
soil fertility. Vesterberg has discussed this point, and from an 
examination of various data he has put forward tentative average 
values for these minima for nitrogen, potash, and phosphate. When 
the requirements of any plant have been ascertained, it will then 
be necessary to find, for any given soil, (1) whether it can give the 
required concentration in the soil solution and (2) whether it can 
maintain it. Comber, however, advances an interesting modifica- 
tion of the present osmotic hypothesis of the mechanism of root 
absorption in the soil. He maintains that the assumption that plants 
feed in the soil just as they feed in water cultures is unjustified and 
contrary to the facts. He adduces evidence in favour of the view 
that colloids can be directly absorbed by the plant, and advances 
the hypothesis that there is a direct union of the root hair with 
the particles of the soil; this union is brought about by ooUoidal 
mucilaginous matter from the cell wall of the root hair on the one 
hand, and the hydrophilous gel coating around the soil particle 
on the other, which intermingle to form one system, thereby 
enabling the direct absorption of colloids, and permitting the acid 
juices of the plant cell to attack directly the particles of the soil. 
The acceptance of this hypothesis would, of course, necessitate a 
radical reconsideration of our views regarding the relation of the 
soil solution to the plant. 

The effect of the composition of the soil solution on plant growth 
W. Kudolfs, 8oil Sci., 1922, 13, 215. 
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H. M. Comber, J. Agric. 8ci., 1922, 12, 363. 



AGBICXJIiTUBAL CHEMISTBY ANB VEGETABLE PHYSIOLOGY. 215 


Hia»y next be considered. Besides tlie ammoTii nm salts and nitrates 
produced by biological agencies in tlie soil, it is concluded from a 
study of the action of alkaline permanganate that the nitrogen 
present in the soil as amino- acids, and part of that present as 
acid amides, are i m mediately available. It is doubtful, however, 
whether such substances are normally present in sufficient amount 
to be of importance. 

Some American soils seem to be actually deficient in sulphates, 
so that they give increased crops by treatment with sulphur.*^® 
For this treatment to be successful, the dressings must be small, 
otherwise if the oxidising power of the soil is high and the soil not 
well buffered, the hydrogen-ion concentration is increased to a 
Xioint at which the plant suffers. 

The utilisation of phosphates varies for different species of 
X)lants, and appears to bear a direct relation to the ratio CaO : P2O5 
in the ash of the plant, Ammonium humate or colloidal humic 
acid is stated to increase the solubility of mineral phosphates and 
thus to give rise to increased phosphate assimilation.'^® It is also 
stated that the same effect is obtained by the active nitrification of 
urea,"^^ thus supporting the suggestion of Lantzsch.*^® It is not 
practicable to render mineral phosphates more soluble by direct 
application of sulphur to the soil, since the hydrogen-ion concen- 
tration required to effect the transformation (pn 3 * 1 — ^2-8) is harmful 
to plants. In the Rothamsted field experiments, it has long been 
found that increased yields are obtained on phosphate-deficient 
soil by the application of sodium silicate, and it is usually supposed 
that this effect is due to increased assimilation of phosphate in the 
presence of silica. Lemmermann and Wiessman have obtained 
similar results in pot experiments using colloidal silica, but they 
obtained significant increases also in the complete absence of 
phosphates, from which they conclude that colloidal silica has a 


0. S. Bobinson, O. B. Winter, and E. J. Millar, J. Ind. JSng, Chem,^ 

1921, 13, 933; A., i, 212. 

See, for example, F. 0, Beimor and H. V. Tartar, Oregon Agric* JSxp, 
Sta,, BulL, 163, 1919; also J. Woodard, Bot. Oaz,, 1922, 73, 81. 

W.Budolfs, Soil Sci., 1922, 14, 247 ; see also J. S. J offe and H. C. McLean, 
ibid.f 217. For Gorman experience see B. Heinze, JZ, Ffianz, JDiZng,, 

1922, IA2, 1, 154; E. Kruger, ibid., 166; Gerlacb, Mitt. Deut. landw, Ges., 
1921, 36, 726. 

M. von Wrangell, Landw. Jahrb., 1922, 57, 1; A., i, 1098. 

K. Mack, Chem. Ztg., 1922, 46, 73. 

7 7 I. S, Marais, Soil Sci., 1922, 13, 355. 

7 8 K. Lantzsch, loc. cit. 

7® W. Budolfs, loc. ait. 

O. Lemmermann and H. Wiessmann, Z. Bflanz. JDilng., 1922, [^4], 1, 
186; A., i, 1103. 



216 


AKNTJAL REPORTS ON THE PROGRESS OE CHEMISTRr, 


direct effect on plant growth, and that it acts in the presence of 
phosphate deficiency by virtue of an ability partly to replace 
phosphate in the plant. They do not appear, however, to have 
determined the amounts of phosphate and silica taken up by the 
increased crops ; this would throw light on the relative importance 
of the supposed direct action of the silica on the plant and of its 
possible indirect action in causing increased assimilation of phos- 
phates. Shedd has also obtained increased growth by the 
application of silica. 

One of the effects of potash on the plant is to increase its vigour, 
and its resistance to disease. This is well instanced by a result 
reported from Arkansas; on a control plot receiving no potash, 
95 per cent, of the cotton plants died from the wilt disease, whereas 
on the plot receiving kainit not a single plant was affected. 

Experiments in Kentucky indicate that some soils may be 
deficient in calcium, and that by the application of salts of this 
metal, crop increases may be obtained which are not due merely 
to decreased hydrogen-ion concentration. 

The effect of the reaction of the soil solution on plant growth is 
gradually being elucidated. Sour soils ale recognised agriculturally 
by well-defined symptoms, such as the growth of certain charac- 
teristic weeds, the liability of cruciferous crops to finger and toe 
disease, and the failure of most leguminous crops. It does not 
follow, however, that a soil which is acid ’’ according to chemical 
tests is sour ’’ in the agricultural sense; the hydrogen-ion 
concentration which is definitely harmful varies greatly for different 
crops, and under undisturbed natural conditions the character 
of the flora may be largely influenced by the reaction of the soil 
solution.®® Most common crop plants appear to be unaffected by, 
and even possibly to prefer, a faintly acid medium. Thus it has 
been shown that although peas, maize, wheat, oats, and carrots 
all germinated most slowly at hydrogen-ion concentrations of 
Pji 5 — 6, root growth after ten days was at a maximum between 
these values, which are regarded as representing the values for 
normal growth. There is always a tendency, when a plant is 
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growing in a solution with a hydrogen-ion concentration towards 
one extreme, for the plant to modify this value towards one lying 
between 5-0 and 6*8* The cell-sap of many plants is acid,®*^ 
and it has been found that plants may tend to alter the acidity 
of the soil solution so as to bring it closer to that of their own root 
sap.®® On the other hand, the acidity of the plant juices may be 
directly influenced by that of the soil solution.®® The harmful 
effect of sour soils may often be due not so much to the acidity of 
the soil solution as to the soluble iron and aluminium compounds 
they contain.®® Soil acidity may also affect soil fertility indirectly 
by its deleterious effect on many of the micro-organisms concerned 
in the nitrogen cycle. Thus nitrification is hindered by acidity : 
a case is reported where a strong nitrite reaction developed in a 
soil at pn 3-9 — 4-4,®^ whilst in another instance, it was found that 
those acid soils which responded to lime in the field were the ones 
in which lime treatment caused a rapid formation of nitrates.®^ 
Growth of, and nitrogen fixation by, Azotobacter are inhibited by 
acidity higher than — 6*0.®® 

The effect of partial sterilisation of the soil by arsenates and 
arsenites ®^ and by various aromatic substances ®^ has been studied. 

Russell and Hutchinson’s view of the mechanism of partial 
sterilisation is that the sterilising agent kills off the soil protozoa, 
which normally limit the numbers of beneficial bacteria in the soil, 
and thus enables the latter to attain greatly increased numbers 
and to produce increased quantities of plant nutrients.®® Much 
discussion has centred round this hypothesis. From an experiment 
at Rothamsted in which the numbers of active amoebae and of 
bacteria in a field soil were counted daily for 365 days, it has been 
clearly established that there is a definite inverse relationship 
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between the numbers of these two types of organisms : when the 
numbers of active amcebae are high, those of the bacteria are low, 
and vice versa ; these results lend very considerable support to 
Russell and Hutchinson’s hypothesis, and show that however 
many factors there may be which play a part in partial sterilisation, 
the elimination of the protozoa by the process is by no means the 
least important. 

The relation of crop yield to amount of fertiliser used, and Mitscher- 
hch’s apphcation thereto of the ‘‘ law of minimum ” still provoke 
controversy in Germany.®^ The question is of considerable practical 
importance, particularly at a time of agricultural depression such 
as the present. There are now some indications that at first 
increasingly large crop increments may be obtained by successive 
equal increases in the amount of fertiliser used, and that only with 
relatively large dressings does the law of diminishing returns ” 
come into play; the curve for the relation of yield to amount of 
fertiliser appears to be sigmoid rather than logarithmic in form. 

The Chemistry of Plant Processes. 

Having discussed the soil and the influence on plant growth of 
soil factors, including the nutrient materials derived from the soil, 
it remains to deal with the processes going on within the plant 
itself. 

Carbon Assimilation. 

The striking investigations of Baly and his co-workers on the 
photocatalytic mechanism of the photosynthesis of carbohydrates ^ 
have now been extended to the production of nitrogen compounds ; ^ 
this work is discussed later in this section. The photoelectric 
properties of chlorophyll, and their bearing on the electronic theory 
of sensitisation, have received further attention.® The energy 
changes accompanying carbon-dioxide assimilation (by the green 
alga, Chlorella vulgaris) in artificial light, and the percentage utilis- 
ation of energy in different parts of the spectrum have been studied.^ 

8 7 D, W. Cutler, X». M. Crump, and H, Saudon, Phil. Trans., 1922, [J9], 
211, 917. 

8® E. A. Mitseherlich, Landw. Versuchs-Stat., 1922, 99, 133; A, Rippel, 
J. Landw., 1922, 9. 

8® E. J. Russell, J. Min. Agric., 1922, 29, 752, 836. 

^ E. C. a Baly, I. M. Heilbron, and W. E. Barker, T., 1921, 119, 1025; 
see also E. C. C. Baly, J, Sac. Dyers da Col., 1922, 88, 4; A., i, 307. 

2 E. C. C. Baly, I. M. Heilbron, and B. F. Hudson, T., 1922, 121, 1078. 

® H. H. Dixon and N. G. Ball, ScL Proc. Hoy. Dubl. Soc., 1922, lOi 435; 
A., ii, 248. 

* O. Warburg and E. Negelein, Z. physihal. Chem., 1922, 102, 235; A., 
i, 1097; O. Muller and O. liYarburg, Per* Physihal.^Tech. PeicTnsanst., 1920, 
A., i, 411. 
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Kostytschev has published a series of investigations ^ on photo- 
synthesis. He finds that the ratio COg/Og is disturbed in atmo- 
spheres containing abnormally large amounts of carbon dioxide, 
being first greater and then less than unity. In such atmospheres, 
leguminosse assimilate markedly more carbon dioxide than other 
plants do. Assimilation is increased by the presence of nitrates 
in the soil. It has been shown that leaves of Tropceolum majus 
can assimilate formaldehyde vapour.® The supposed formation of 
hydrogen peroxide in the assimilation of carbon dioxide by plants 
could not be confirmed,® neither could the statement ® that leaves 
floating on sugar solution in sunlight are able to synthesise phloro- 
glucinol be substantiated.^® The possibility of obtaining sub- 
stantial crop increases by artificial enrichment of the atmosphere 
by carbonic acid, which has aroused so much interest in Germany, 
demands for its successful realisation that due regard be paid to 
the other controlling factors such as light, moisture, etc.^^ 

Carbohydrate Metabolism and Translocation. 

The disappearance of starch from leaves kept in the dark is 
favoured by dry conditions, and results in the production of non- 
reducing substances.^® In the case of Tropceolum majus, sucrose 
seems to be the product formed.^^ The leaves of Tagus sylvatica 
and JfSsculus Tlippocastanum, however, when they turn yellow and 
die, suffer a diminution in their content of soluble carbohydrate, 
and an increase in their insoluble but readily hydrolysed carbo- 
hydrate.^® From an investigation of the changes and movements 
of carboliydrates in Mercurialis perennis during its annual growth, 
it is concluded that there is another dextrorotatory substance 
present in addition to sucrose, though attempts to isolate it have 
so far failed.^® The changes in the pectie constituents of apples 
during the ripening process have been investigated.^'^ Soluble 
]>ectin is at a maximum when the fruit is ripe. 

® O. ICostytschev, JBer. Dent. hot. Qaz., 1921, 39 , 319, 328, 334; A.y i, 307, 
308; ibid., 1922, 40, 112; A.,i. 613. 

« M. Jacoby, Biochem. Z., 1922, 128 , 119; A., i, 502. ^ 191 IO7. 

s H. Molisch, ibid., 1921, 125 , 257; A., i, 413. 

® Waago, Ber. Deut. hot. Qes., 1890, 8, 250; A., 1891, 005. 

M- Nioronstem, Nature, 1920, 105 , 391. 

Ann. Beports, 1921, 18 , 209. 

Bensch, Z. Pflanz. DUng., 1922, 1 , 32. 

H. Molisch, Ber. Deut. hot. Qea., 1921, 39 , 339; A., a, 300. 

H. Schroeder and T. Horn, Biochem. Z., 1922, 130 , 1G5; A., i, 006. 

R. Combes and B. Kohler, Compt. rend., 1922, 175, 590; A., i, 1222. 

P. Gillot, J. Pharm. CUm., 1922, [vii], 26, 250; A., i, 1101. 

M. H. Oarr^, Biochem, J„ 1922, 16 , 704; A., i, 1222; see also M. H. 
Carr^ and T>. Haynes, €bid., GO; A., i, 401. 
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The quantitative investigation of the movements and changes 
of carbohydrates in plants would be much facilitated by the dis- 
covery of a quick and trustworthy method of starch estimation. 
A method which promises to satisfy these requirements has been 
described.^® 


Nitrogenous Assimilation and Metaiolism. 

Very suggestive results have been obtained by Baly, Heilbron, 
and Hudson in an extension of their work on photocatalysis to 
the formation of nitrogen compounds. Setting out from the 
observation of Schimper that nitrites are always present in 
the living leaf in the dark, but that they disappear when the leaf 
is in the light, provided chlorophyll is present; and from the 
observation of Baudisch that formhydroxamic acid is formed 
when an aqueous solution of potassium nitrite containing methyl 
alcohol is exposed to ultra-violet light, these investigators have 
shown that activated formaldehyde — such as is produced by the 
action of ultra-violet light of very short wave-length (A == 200 
on an aqueous solution of carbon dioxide, or of ordinary light on 
a similar solution containing a photocatalyst such as chlorophyll — 
readily combines with potassium nitrite to give formhydroxamic 
acid, which can at once react with more molecules of activated 
formaldehyde to produce a great variety of complex substances 
such as are found in the living plant. These reactions take pre- 
cedence of the photocatalytic polymerisation of activated form- 
aldehyde to form reducing sugars ; the latter only occurs when tlie 
activated formaldehyde is produced at a rate greater than that at 
which it can react with potassium nitrite and with the form- 
hydroxamic acid thus formed. These investigators have no dotibt 
that formhydroxamic acid marks the jfirst stage in the photo- 
synthesis of the nitrogen compoimds found in the plant. The 
reaction may be formulated thus : 

H-OOH + O-N-OK- o=W— OK- M— OK + ° 

Activated Formhydroxamic acid 

formaldehyde. (potassium salt). 

They have obtained definite evidence of the formation of a-amino- 
acids, of a crystalline alkaloidal base, of a crystalline base closely 
resembling and possibly identical with glyoxaline, and of a sub- 

is A. H. king, InsU Brewing^ 1922, 28, 838 ; A., ii, 879. 

E. C. C. Baly, I. M, Heilbron, and B. P. Hudson, loc^ ciU 

20 Schimper, Bot. 1888, 46, 65. 

21 Baudisch, Ber,, 1911, 44, 1009, For a recent summary of Baudisch’s 
work, see J*. Biol. Chem., 1921, 48, 489; i. 194. 
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stituted a-amino-acid which may be histidine. They show how 
the production of these, and of other nitrogenous plant products, 
by the interaction of activated formaldehyde and formhydroxamic 
acid, is readily explicable. The following scheme is put forward 
by them with some confidence as an indication of the main lines 
along which this photosjmthesis takes place : 


Potassium nitrate 

'I" 

Potassium nitrite 

1 


Carbonic acid. 

■I 

Activated formaldehyde 






Formhydroxamic acid 


Hexoses 




Nitrogen bases 


a- Amino -acids 




Alkaloids and xanthine 
derivatives 






Substituted a-amino -acids 
(Histidine, etc.) 

4 ' 

Proteins 


The far-reaching importance of this work can best be emphasised 
by the following quotation : 

The activated formaldehyde produced by the photocatalytic 
action of chlorophyll on carbonic acid combines with the potassium 
nitrite known to be present in the leaves, this reaction taking 
precedence of all others. The formhydroxamic acid then con- 
denses with more activated formaldehyde, this reaction taking 
second place in the order of precedence, whilst all excess of the 
activated formaldehyde polymerises to form hexoses. 

“ The interaction of the activated formaldehyde with form- 
hydroxamic acid follows two main lines, the formation of amino - 
acids and of various nitrogen bases. These nitrogen bases consist 
of various types, namely, pyrrole, pyridine, and glyoxaline, which 
by further condensation with activated formaldehyde give indole, 
quinoline, ^isoquinoline, and xanthine derivatives. In cases where 
such is possible these bases condense with the amino-acids to give 
the substituted amino-acids such as histidine, tryptophan, etc. 
The excess of nitrogen bases undergoes further condensation to 
give alkaloids, whilst the substituted amino -acids interact to give 
proteins. The readiness with which all these reactions take place 
is due to the cardinal fact that the various compounds are produced 

C. a Baly, I. M. Heilbron, and D. P. Hudson, loc. oii., p. 1087. 
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in highly reactive phases, analogous to the highly reactive phase 
of formaldehyde when photosynthetically formed. This reactivity 
enables condensations to occur which are otherwise impossible to 
realise in the laboratory. It is a matter of common knowledge 
that these reactions must occur in the living plant, and our results 
show that the key to the problem is the enhanced reactivity of 
freshly synthesised molecules. . . . The synthesis of the nitrogen 
compounds found in the plant is not photosynthetic except in so 
far as the production of the activated formaldehyde by the chloro- 
phyll is concerned. The various amino-acids, proteins, alkaloids, 
etc., are natural and indeed inevitable results of the photosynthesis 
of formaldehyde in the presence of potassium nitrite. . . . 

. A further conclusion of importance is that the region 
where the synthesis occurs must necessarily be restricted to the 
leaves. Since it must not be forgotten that the synthesis of hexoses 
is taking place concurrently, the conditions are perfect for the 
formation of glucosides and we believe that the products of the 
nitrogen synthesis are translocated as soluble glucosides. The fact 
that nitrogen derivatives are found in other parts of the plant 
cannot be accepted as an argument that they must have been 
synthesised in those parts. There can be no doubt that the 
synthesis takes place in the leaves and that the compounds are 
subsequently distributed as soluble glucosides by the normal 
translocatory processes.’’ 

Ever since the classical experiments of Boussingault and of 
Lawes and Gilbert, it has been generally accepted that green plants 
are entirely dependent for nitrogen on the supplies they receive 
through their roots in the form of nitrates, ammonia, and possibly 
other forms, and that none can assimilate the elemental nitrogen 
of the air, although the leguminous plants, are able to live in 
symbiosis with a nitrogen-fixing bacillus, and therefore are able to 
live without combined nitrogen from other sources. Erom time 
to time the claim has been advanced that green plants are, able to 
fix nitrogen, but the evidence has never been free from suspicion. 
During the past year two further claims have been advanced, 
both from America. As already mentioned, one of these,^^ on 
behalf of the unicellular green algae, is open to question. The 
other claim is on behalf of that possibly most investigated of all 
agrici^ltural plants, the wheat plant. Only a preliminary note has 
so far appeared and details will be awaited with great interest. 
Whilst no one would lightly deny the 'posaihility of nitrogen fixation 
by green plants, the great bulk of agricultural experience is against 

F. B. Wann, loc^ cit, 

0. B. Lipmauu and JT. K* Taylor, Science^ 1022 5^, 005. 
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the likelihood of its occurrence, and until conclusive and infallible 
evidence is advanced, the case remains as heretofore — not 
proven.’’ 

Further work has been carried out on the nitrogenous metabolism 
of the runner bean ; one of the active enz 3 nnes appears to be 
asparaginase. In Vida sativa, and also possibly in Angelica 
silvestris and Trifolium prafense, arginase is present.^® 

In general, the later nitrates are applied to cereals, the higher 
is the protein content, and the greater the hardness, of the grain. 

rt is held that in the germinating seed of Helianthus annuus 
amino-acids and proteins are oxidised with formation of ammonia, 
which is used by the plant in the synthesis of asparagine and 
glut amine. 

For the formation of alkaloids by the blue and yellow lupines, 
nitrogenous fertilisers seem to be less suitable than the nitrogenous 
compounds produced by the nodule bacteria, judging by the 
alkaloid content of plants Ciamician and Ravenna have pub- 
lished a summary of their work since 1908 on the biological 
significance of alkaloids in plants.^® 

Osmotic and Allied Phenomena, 

The permeability of plant cells, the imbibition of water by plant 
colloids, and similar osmotic processes undoubtedly have a fxmda- 
mental bearing on the phenomena of root absorption, transpiration, 
translocation, etc. A considerable amount of work still appears 
on these topics,®^ but the subject is as yet in rather a confused state, 
and does not lend itself to brief discussion here. Mention may, 
however, be made of a suggestive article by Shull on osmotic 

A. C. Chibnall, BiocJiem, J., 1922, 16, 344; A., i, 908; ibid,, 599, 608; 
A„ i, 1225. 

A. Kiesel, Z, phyaioL Cheyn., 1922, 118, 254, 267; A., i, 412, 413. 

27 'vy'. Gericke, Soil Sci,, 1922, 14, 103; A,, i, 1226; see also J, Amer, 
Soc, Agron,, 1922, 14, 311; also J. Davidson, ibid., 118. 

A. Oparin, Biocliem, 2,, 1921, 124, 90; A., i, 309. 

Vogel and 15. Weber, .2^. Tflanz, DUng., 1922, [A], 1, 85; A„ i, 798. 

C. Ciamician and O. Ravenna, JBiochem. terap. aparim,, 1922, 9, 3; A., 
i, 797. 

JPermeability : W. J. V. Osterhout, J, Gen, JPhysiol,, 1021, 4, 275; A,, 
i, 308; M. M. Brooks, ibid,, 347; A„ i, 308; H. Kahho, Biochem, Z., 
1921, 128, 284* A,, i, 308; H. P. Moller, KoU, Ghent, Beihefte, 1921, 14, 
97; A,, i, 95. Imbibition : B. T. MacDougall, Brae, Amern JPhil, Soc., 1921» 
60, 15; A,, i, 204. Boot absorption: G- M. Redfern, Ann, Bot., 1922, 36, 
167 ; A,, i, 614 ; J. Stoklasa, Biochem, Z,, 1922, 128, 35 ; A,, i, 502 (aluminium). 
Effect of salts on plant protoplasm : H. Kahlio, Biochem, Z., 1921, 117, 87; 
A., i, 94; ibid,, 1921, 120, 125; A,, i, 205; ibid,, 1921, 122, 39; A,, i, 311; 
W- Brenner, Hyllningsskriftillagnad Ossian Asohan, 1020, 36; A,,i, 907 

C. A. Shull, T7'ana, Earaday Soc,, 1922, 17, 255, 



224 


ANITUAL REPOBTS OK THE PBOOBESS OP CHEMISTRY. 


phenomena. in plants, and of a series of articles on permeability by 
Stiles. 33 The work of Priestley and his associates is worthy of 
special mention. 


Stimulant and Toxic Agents, 

The favourable action of calcium salts on germination apx3ears 
to be concerned with the synthetic phase of this process Lead 
salts exert a toxic action on the plant. They accumulate in the 
roots, whose growth they especially hinder.^® The oligodynamic 
effect of silver is due to the silver-ion; it can be neutralised by 
potassium cyanide, which converts the deleterious silver-ion into 
the Ag(CN)2“ion.3'^ 

It is stated that disodium arsenate has a stimulating action in 
low concentrations, although toxic if slightly higher concentrations 
are used.®^ This may, however, have been an indirect, soil effect.^® 
Seienates, and particularly selenites, are markedly toxic to germina- 
tion and growth of plants, as well as to Azotohacter chroococcum, 
but radium emanation is stimulating in its action on germination, 
and it inhibits the toxic action of seienates and selenites.*^® Sodium 
selenate at very low concentration is, however, stimulative to 
maize 

Hippuric acid is toxic to plant cells at strengths above 0-09 per 
cent., but urea at 1 per cent, is harmless.*^^ Cocaine and ecgoninc 
are very much less toxic to Lupinus albus than they are to animals, 
but with sodium benzoate the reverse is the case. ^3 Prom an 
investigation of the action of a large number of organic compounds 
it is concluded that, for compounds containing equal numbers of 
carbon atoms, the series : Amines, alcohols, aldehydes, acids, 
represents the order of diminishing toxicity towards plants 

S3 ■yv'. Stiles, New jphytologist, 1922. 

3^ J, H. Priestley, ibid., 1922, 21, 41, 58, 62, 113, 210, 252. 

li. Maquenne and E. Pemoussy, Compt, rend., 1922, 175, 240; A,, 

i, 905. 

E. Bonnet, ibid,, 1922, 174, 488; A,, i, 412. 

P. Boerr and W, Berger, Biochem, Z,, 1922, ISl, 151; A,, i, 1097; 
see also A. Luger, ibid,, 1921, 117, 153; A,, i, 65. 

J. Stewart and E. S, Smith, Soil Sci,, 1922, 14, 119; A,, I, 1222. 

See, for example. Riviere and Piohard, loc, cit, 

J. Stoklasa, Oompt, rend,, 1922, 174, 1075; A,, i, 613; Biochem, Z,, 
1922, ISO, 604; A., i, 974; B. Tnrina, ibid., 1922, 129, 507; A,,i, 707 (also 
tellurium). 

J.Stoklasa, (Jompt. rend,, 1922, 174, 1256; A,, i, 614, 

T. Bokomy, Biochem, Z,, 1922, 1S2, 197; A,, i, 1222. 

J>, I, Macht and M. B. Livingston, J, Gen, Bhyaiol,, 1022, 4, 573; A., 
i, 798. 

G, Ciamician and A. Galizzi, Gazzetta, 1922, 62, i, 3 ; A,, i, 503. 
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The toxic action of traces of coal gas on plants is due to unsatur- 
ated hydrocarbons (ethylene), which appear to act specially in 
preventing normal root development.^^ 

The stimulating effect of the electric discharge appears to be 
definitely established by field experiments on spring-sown oats 
and barley, but this problem is still under investigation.^® 

Plant G on stituents and P r oduot s. 

Inorganic Constituents. 

Manganese, which appears to be an invariable constituent of 
plants,^"^ is found in the greatest quantities in those parts of the 
plant such as the seeds, and young leaves where the chemical changes 
are most intense.^® It has been found, using many different 
species of plants, that in a medium entirely free from manganese 
growth ceases, and the plants become chlorotic, after six or eight 
weeks, by which time the manganese originally contained in the 
seed is presumably no longer sufficient. It is suggested that 
manganese is necessary for chlorophyll formation, and that it is 
concerned in nitrogen assimilation and protein synthesis, since 
leguminous plants are more sensitive to its absence. 

Minute traces of nickel, and, with two exceptions, of cobalt, 
have been found in sixteen different species of common plants.®® 
These two elements have also been found in minute amoxmts in 
two arable soils. From the fact that the amount of nickel is 
much greater than that of cobalt both in the soils and in the plants 
examined it seems that the occurrence of these elements in the 
plant may be merely adventitious. 

Chlorine occurs in most plants, always as chloride ; it is most 
abundant in succulent parenchymatous tissues. Conifers, mosses, 
ferns, epiphytes, parasites, and saprophites contain little or no 
chlorine.®^ Fluorine is a normal constituent of Spanish grapes.®^ 

J. H. Priestley, Ann. AppL Biol., 1922, 9, 146; see also O. Walimer, 
Bied. jZentr., 1921, 60, 425; A., i, 211. 

J. Min. Agric., 1922, 29, 792. 

B. H. Wester, Biochem. Z., 1921, 118, 158; A., i, 94; Phann. Weehblad, 
1922, 69, 51; A., i, 309; G. Bode and K. Hembd, Biooh^m. Z., 1921, 124> 
84; i, 415. 

G. Bertrand and M. Rosenblatt, Oompt. rend., 1921, 178, 1118; A*, 
i, 96; iUd., 1922, 174, 491; A., i, 411; F. Jadin and A. Astruc, Bull. Boc. 
chim., 1922, 31, 917 ; A., i, 1098. 

J. S. McHargue, J. Amer. Ohem. Soc., 1922, 44, 1592; A., i, 906. 

G- Bertrand and M. Mokragnatz, Oompl, rend., 1922, 176, 458; A., 
i, 1099. 

Idem, ibid., 112; A., i, 975. 

J. Jnng, Bitzungsber. Akad. Wiss., 1920, 129, 297 ; A., i, 1098. 

M. B. Pondal, AnaL Asoc. Quim. Argentina, 1922, 10, 67; A., i, 1100. 

BBF. ^VOL. XIX. X 
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The amount and distribution of inorganic and organic phosphates 
in various seeds have been studied.®^ Marine algse generally 
appear to contain a small amount of arsenic. 

Organic Plant Products, 

Chemical work on the constitution of plant products comes 
within the scope of the Reports on organic chemistry, and is not 
considered in this Report ; in this section, attention is confined to 
the occurrence of the different classes of organic substances in 
plants, and to work throwing light on the mode of formation of 
special classes of plant products. 

Carbohydrates and Olucosides. — ^The sugars of wheat straw, and 
the hemicelluloses of the seed of As'paragus officinalis have been 
examined. Cytopentans is the name proposed for the hemi- 
cellulose ’’-like constituents of the cell- walls of plants.^® An 
improved method for the preparation of raffinose from cotton-seed 
meal has been described.^® Papers have appeared on the occurrence 
and nature of the sugars and glucosides in Sedum TelepMum 
(glucoside of an essential oil),®® Melam^yrum arvense (aucubin),®^ 
Rhinanihus Crista-Qalli (aucubin),®^ several species of Orchis^^^ in 
the Schro'phulariacece^^'^ the Oaryophyllacece and Papilionacece^^^ and 
in Vihurnum opulus^ extracts of red Cinchona^ and the Cola nut.®® 
Chinese tannin,®"^ oak tannin,®® and a crystalline tannin from Acer 
ginnala ®® have been studied. Saponins have been isolated from 

P. Kiogozinski, Bull, Acad, Set, Crucovie, 1915, [J?], Ko. 5, 87; A,^ 
i, 1226. 

A. J*. Jones, JPharm, J,, 1922, 109, 86; A,, i, 905. 

S. H. Collins and B. Thomas, Agric, Sci,^ 1922, 12, 280 ; S. H. Collins, 
J, Boc. Ohem. Ind,^ 1922, 41, 56t; A,^ ii, 323. 

-Vy, ]EJ. Cake and H. H. Bartlett, J, Biol, Gh&m,, 1922, 51, 93 ; A., i, 504. 

B. H. P. Clayson, P. W. Korris, and S. B. Schryver, Bioch&yn, «/., 1921, 
15, 643; A.,i, 206. 

E. P. Clark, J, Amer, GJiem, 8oc,, 1922, 44 , 210; A., i, 323. 

M. Bridel, Bull, Soc, Ohim, bioZ,, 1922, 4, 242; A,, i, 799; J, Pharm, 
chim,, 1922, [vii], 26, 289; A., i, 1225, 

M, Bridel and M. Braeoke, ibid,, 1922, 25, 449; A., i, 799; Compt, 
rend,, 1921, 173, 1403; A„ i, 209. 

Idem, ibid,, 1922, 175, 532; A,, i, 1225; soo also ibid,, 040; A,, i, 

lies. 

H. H4rissey and P, Delaimey, Bull. Soc, Chim, bioL, 1921, 3, 573; A., 
i, 210. 

M. Braeoke, ibid,, 1922, 4, 407; A,, i, 1225. 

C. Vergelot, ibid., 1921, 3, 513; A,, i, 207. 

K, Arnold, ibid,, 547; A,, i, 311. 

K. Preudenberg, Ber„ 1922, 56, [B], 2813; A., i, 1169. 

K. Preudenberg andP. VoUbrecht, ibid., 2420; A., i, 1046. 

A. G. Perkin and Y. ITyeda, T,, 1922, 121, 66. 
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Agave lechugidlla and Aralia Montana, and the effect of daylight 
on the content of active material in Digitalis has been examined. 

Acids and Esters, — The occurrence is recorded of citric and malic 
acids in Ribes ruhrum; of methyl anthranilate in grape juice; 
of lactic acid in Rubus idoeus (with succinic acid),*^^ R, ^ruticosus^^ 
Papaver somniferum, Ricinus communis, and Agare Sisalana", 
of oxalic acid in Acacia cambagei (as calcium salt),^^ and in the 
leaves of elder, hawthorn, horse-chestnut, and barley ; and of 
malic acid in Pyrus coronaria, Rhus glabra (with gallic acid), Acer 
saccharum, Prttnus avium, and Pyrus auctiparia,^^ The third 
optically active form of malic acid said to be present in certain 
plants does not exist. Various esters have been identified in 
peaches.®^ 

Triglycerides ; Essential Oils, — A large number of plants and 
vegetable products have been examined as to their content of 
substances of these classes ; it would, however, be neither useful 
nor practicable in the space available to give details here. The 
index of the Journal for 1922 should be referred to. 

Pigments, — Despite the definite evidence produced by Willstatter 
and others, that anthocyanins are reduction products of flavones,®^ 
the known correlation of distribution of oxydases and of antho- 
cyanins continues to be used as an argument for the older oxidation 
hypothesis.®® It seems difficult to avoid the impression that oxida- 
tion is indeed a factor in anthocyanin formation, but it is quite 

0. O. Jolms, L. H. Chemoff, and A. Viehoever, J, Biol, Che?n,, 1922, 
52, 335; A,, i, 797. 

A. W. van der Haar, Ber., 1922, 55, [JB], 3041 ; A„ i, 1168. 

O. von Dafert, Bied, Z&ntr,, 1921, 60, 422; A,, i, 97. 

H. Franzen and E. Schumacher, Z, 'physiol, Chem',, 1921, 115 , 9; A,, 
i, 310. 

F. B. Power and V. K. Ghesnut, J, Amer, Chem, Soc„ 1921, 43, 1741; 
A„ i, 97. 

H. Franzen and F. Stern, Z, physiol, Chem,, 1922, 121 , 195; A,, i, 975. 

H. Franzen and F. Keyssner, ihid,, 1921, 116 , 166; A,, i, 310. 

JH. Franzen and E. Stern, ibid,, 1921, 116 , 270; A., i, 311. 

T. Steel, Chem, News, 1921, 123 , 315; A„ i, 310. 

A. Bail, tech, Biol,, 1921, 8, 151; A„ i, 309. 

C. F. Sando and H. H. Bartlett, J, Agric, Res,, 1921, 22 , 221; A,, 

i, 100. 

H. Franzen and F. Uelwert, Z, physiol, Chem,, 1922, 122 , 46; A,, 
i, 1102. 

H. l^ranzen and R. Ostertag, ibid,, 1922, 119 , 150; A., i, 116. 

Jdcw, iUd,, 1922, 122, 263; A,, i, 1223. 

F. B. Power and V. H. Chesnut, J. Amer. Chem. Soc,, 1921, 43, 1725; 
A,, i, 99. 

See, for example, J. Costantin, Ann, Sd, Nat, Bot,, 1919, [x], 1 , 38; 
A.,i, 162. 

M. Mirande, Gompt. rend., 1922, 175 , 595, 711; A,, i, 1224. 
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possible that the two views may be reconciled on the assumption 
that oxidation is needed in the earlier stages of the synthesis, and 
that only the jfinal stage is one of reduction of flavone derivative to 
anthocyanin. The work of St, Jonesco on anthocyanins, a 
feature of which is his support of the oxidation hypothesis, is held 
by Combes to be invalidated by the fact that his (St. Jonesco’s) 
materials are not 7-pyrone pigments but only tannins. The sap 
pigment of the beet root is stated to be produced by oxidation of a 
colourless chromogen. 

The presence of cyanin in the rose and of pelargonin in the 
scarlet pelargonium has been confirmed by their isolation from 
varieties not hitherto examined. 

The colouring matters of Lithospermum erythrorhizon^'^ and of 
several species of the Schizopliyce<B have been examined. It is 
stated that a new class of glucosidal yellow pigments — ‘‘ antho- 
chlor — ^is represented in many plants.^^ 

Plant Proteins . — The chemical interpretation of differences in 
the quality of agricultural products is a comparatively untouched 
field, of great importance. A suggestive investigation on the 
difference between the strong ’’ Canadian wheats and the weak ’’ 
English wheats has brought out the interesting fact that there is 
a difference between the glutenins of these two wheats, which is 
manifested by an examination of their racemisation curves. The 
proteins of the Adsuki bean {Phaseolus angularis)^^^ the Lima bean 
(P. lunatus)^^^ of the seed of the tomato,®^ of buckwheat',®^ lucerne/ 
BorgTium vulgar and of cotton seed meal, the soja bean, and the 
cocoa-nut ^ have been examined. 

St. Jonesco, Compt. rend., 1921, 173 , 850, 1006; A,, i, 97; ibid., 1922, 
174 , 1635; 797; ibid,, 1922, 175 , 592 ; i, 1224. 

K. Combes, ibid,, 1921, 174, 58; A„ i, 206; ibid,, 1922, 174, 240; A., 
i, 412. 

A. Kozlowski, ibid,, 1921, 173, 855; A., i, 97. 

G. Currey, JProc, Boy, Soc., 1922, [J5], 93 , 194; A,, i, 413. 

G. Currey, T,, 1922, 121, 319. 

K. Majima and C. Kluroda, Acta Phytochim,, 1922, 1 , 43 ; A., i, 940, 

K. Boresch, Biochem, Z., 1921, 119 , 166 ; A„ i, 210. 

G. Klein, Bitzungaber, ATcad. Wiaa, Wien, 1920, 129 , 341 ; A,, i, 1099. 

H. E. Woodman, J, Agric, Bci,, 1922, 12, 231. 

B. B. Jones, A. J. Finks, and C. E. F. Gersdorff, J, Biol, Ohem,, 1922, 
61 , 103 ; A„ i, 504. 

B. B, Jones, C. E. F. Gersdorff, C. O. Johns, and A. J. Finks, ibid,, 
1922,63,231; A., i, 1101. 

C. O. Johns and C. E. F. Gersdorff, ibid,, 1922, 61, 439; A., i, 800. 

»» A. Kiesel, Z, physiol, Chem,, 1922, 118 , 301 ; A., i, 412. 

^ T. B. Osborne, J. Wakeman, and C- 8. Leavenworth^ J, Biol, Chem,,, 
1921, 49 , 63; A., i, 99; ibid., 1922, 53, 411; A., i, 1104; H. G. Miller, J. 
Amer. Chem, Boo., 1921, 43, 2656 ; A., i, 414. 

* S. Visco, Arch. Warm, aperim. Bci, aff., 1921, 31, 173; A., i, 211. 

3 Q.^ Friedemann, J. Biol, Chem,, 1922, 61 , 17; A,, i, 606. 
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Plant Bases. — ^The alkaloid of tlie yew {Taxus haccata) has been 
isolated^ and the relations between the alkaloids of the calumba 
root have been elucidated.^ The alkaloid content of belladonna 
plants is increased by keeping them in the dark.^ Natural mus* 
carine has now been isolated in the pure state from Amanita mus- 
caria^ and it has been shown to be a base of greater complexity 
than choline or betainealdehyde.'^ 

General. — ^The composition of a large number of other plants has 
been studied, but it is not possible to give details here. The index 
of the Journal for 1922 should be consulted. 

The Chemistry of F er mentation and 
Enzyme Action. 

It is not possible in the remaining space to deal with this subject 
fully. A brief survey of last year’s work in this field, which makes 
no pretence to be exhaustive, will be given; a full discussion of 
the subject is reserved for a later occasion. Useful reviews of 
recent German work were given at the recent meeting of the 
Naturforscherversammlung at Leipsig."^^ 

Fermentation of Carbohydrates and Allied Substances. — ^Neuberg’s 
view as to the importance of pyruvic acid in fermentation, although 
challenged,® has received further confirmation.® !Fembach has 
IDublished a useful review of present views on the role of acet- 
aldehyde.^® Neuberg’s second mode of fermentation has now 
been realised with various fungi and with carbohydrates other 
than glucose. Patents for the industrial preparation of glycerol 
by fermentation have now been published.^® The third and fourth 
forms of fermentation, by which acetic and butyric acids are 
l^roduced, as well as various other t37pes of acid fermentation, have 

^ E. Winterstein and D. latrides, Z. 'phyaiol. Chem.^ 1921, 117, 240; A., 
i, 572. 

® E. Spath and K. Bohm, Ber.^ 1922, 55, [^], 2985; A., i, 1174. 

® J. Kipert, Compt. rend., 1921, 173, 928; A., i, 96. 

7 H. King, T., 1922, 121, 1743. 

H. von Enlor, Ber., 1922, 55, [S], 3583; B. Willstatter, ibid., 3601; C. 
Keiiberg, ibid., 3024. 

® J. Kerb and K. Zeekendorf, Biocliem. Z., 1921, 122, 307; A., i, 305. 

® M. von Grab, ibid., 1921, 123, 69; A., i, 306. 

A. Fernbacli and M. Schoen, Bull. Inst. Pasteur, 1920, 18, 385; A.p 
i, 203. 

C. Kenberg and C. Colien, Btochem. Z., 1921, 122, 204; A., i, 304. 

M. Tomita, ibid., 1921, 121, 164; i, 307; see also EC. Knmagawa, 
ibid., 1922, 131, 148; A., i, 972; E. Abderhalden, Permentfor&ch., 1921, 
6, 89, 110; A., i, 92; O. Eerndndez and T. QGLvmendm, Anal. Fts. Quim., 
1921, 19, 313; A., i, 405. 

Vereinigt© Chemisch© Work© Akt.-Ges., B.B.-B. 343321 and 347604; 
A., i, 980. 
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evoked considerable research. The curious action of carbohgase 
has been further studied,^® also the fermentation of lactic acid by- 
yeast, The stimulating and toxic effects of various agents 
on yeast fermentation and on various bacteria, and moulds 
have been studied. The claim that fermentation can be effected 
by mixtures containing peptone,®^ although contested,®® appears 
to be justified, it being stated that dextrose is converted quanti- 
tatively by peptone at 37° into inactive lactic acid, using sodium 
bicarbonate as a buffer.®® 

The fermentation of inulin by Monilia macedoniensis may be 
used in a scheme for the identification of that carbohydrate by a 
mycological method.®^ In the attack of pentoses by moulds. 

Acetic acid : H. Kumagawa, JBiocheTn. 2/., 1921, 123, 225; A., i, 305; 
E. Aubel, Compt. rend., 1921, 173, 1493; A., i, 201. IButyric acid: C. 
ISTeuberg and B. Arinstein, Biochem. Z., 1921, 117, 269; A., i, 91; M. M. 
Brooks, J. Gen. Physiol., 1921, 4, 177; A., i, 201. Lactic acid: W. H. 
Peterson, E. B. Fred, and J. H. Anderson, J. Biol. Ghem., 1922, 53, 111; 
A., i, 971 ; O. B-. Brnnkow, W. H, Peterson, and E. B- Fred, J. Amer. Chem. 
Soc,, 1921, 43, 2244; A., i, 312 (Sauerkraut). Silage : A. Amos and H. E. 
Woodman, J. Agric. Sci., 1922, 12, 337. Inositol fermentation : J. A. Hewitt 
and D. B. Steabben, Biochem. J 1921, 15, 665; A., i, 406; H- Humagawa, 
Biochem. Z., 1922, 131, 157 ; A., i, 972. Gitromyces : W. Butkewitsch, ibid. 
1922, 129, 455, 464; A., i, 707; ibid., 1922, 181, 327, 338; A., i, 973. Other 
acids : T. Yabuta, J. Ghem. Soc. Tokyo, 1916, 87, 1185, 1234; A., i, 930 
{Aspergillus oryzee); M. Molliard, Compt. rend., 1922, 174, 881; A., i, 61 J 
(Aspergillus niger). Acetone and butyl alcohol: G. C. Kobinson, J. Biol, 
Chem., 1922, 53, 125; A., i, 971. 

C. Neuberg and B. Liebermann, Biochem. Z., 1921, 121, 311 ; A., i, 305 ; 
J. Hirseh, ibid., 1922, 131, 178; A., i, 973. 

O, Fiirth and F. Bieben, ibid., 1922, 128, 144; A., i, 502; ibid., 1922, 
132, 165; A., i, 1219; F. Bieben, Oesterr. Chem. Ztg., 1922, 25, 87; u4., 
i, 796. 

^^0. 1^‘euberg, E. Beinfurth, and M. Sandberg, Biochem. Z., 1921, 121, 
215; A., i, 306; ibid., 1921, 125, 202; A., i, 408; ibid., 1921, 126, 153; 
A., i, 408; H. von Euler and S. Karlsson, Ibid., 1922, 130, 550; A,, i, 972; 
P. Mayer, ibid., 1922, 131, 1; A., i, 972; E. Bindberg, ibid., 1922, 132, 110; 

A. , i, 1219; T. Tholin, Z. physiol. Chem., 1921, 115, 235; A., i, 305. 

18 H. Plagge, Biochem. Z., 1921, 118, 129; A., i, 93; F. Boas, ibid., 1921, 
117, 166; A., i, 94; ibid., 1922, 129, 144; A., i, 613; K. Somogyi, ibid., 1921, 
120, 100; A., i, 201. 

18 B. Oobet and V. van der Beis, ibid., 1922, 129, 73 ; A., i, 611 (arsenic) ; 

B. E. Walbum, Compt. rend. Soc. Biol., 1921, 85, 619 ; A., i, 795 (manganese) ; 
T. Buboc, Compt. rend., 1922, 175, 326; A., i, 972; G. Joachimoglu, Z. 
Urol., 1922, 16, 97; A., i, 1095; Baborde, Jaloustre, and M. Beulier, Bull. 
Soc. Chim. biol., 1922, 4, 415; A., i, 1219. 

28 B, Plantefol, Compt. rend., 1922, 174, 123; A,, i, 204. 

21 E. Baur and E. Herzfeld, Biochem. Z., 1921, 117, 96; A., i, 93; ibid., 
1922, 131, 382; A., i, 1097. 

22 A. Bau, ibid., 1921, 122, 306 ; A., i, 307. 

23 a. Schlatter, ibid., 1922, 131, 362; A., i, 1096. 

2^ A. Castellani and F. E. Taylor, Biochem. J., 1922, 16, 655; A., ii, 879. 
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practically tlie whole of the carbon consumed can be accounted for 
as carbon dioxide and mycelium.^® Aspergillns glaucus converts 
glycerol into the methyl ether of a substance, which is 

probably a y-pyrone derivative similar to maltol.^® The ability 
of Fusarium Uni to utilise various carbohydrates and acids has been 
studied, also the energy 3 deld of the growth of Aspergillus niger 
on dextrose, which works out at 66 — 70 per cent, of that of the 
dextrose consumed after allowing for the maintenance requirements. 

Carbohydrate- splitting Enzymes . 

Willstatter is making a mass attack on the chemistry of enzymes 
and of enzyme action, and has published several lengthy papers on 
invertase,29 raffinase,®® maltase,^^ lactase,^^ and emulsin.®^ Al- 
though Willstatter’ s masterly successes in other fields of plant 
chemistry justify one in anticipating important results from this 
work, it is still in its infancy, and has not yet reached the stage 
when any broad generalisations emerge. 

The influence of conditions on the activity of the amylases present 
in malt, pancreatic extract, and saliva,^^ and in Aspergillus niger 
has been investigated. Euler has published several further papers 
on saccharase,^^ and this enzyme has also been studied by several 

W. H. Peterson, E. B. Fred, and E. G. Schmidt, «/. Biol, Chem,, 1922, 
54. 19; A., i. 1220. 

2® P. Traetta-Mosca and M. Preti, Gazzetta, 1921, 61, ii, 269; A., i, 91, 

Y. Tochinai, Ann, Phytopath. Soc. Japan, 1920, 1, 22; A., i, 207, 

E. E. Terroine and B. Wurmser, Compt. rend., 1922, 174, 1435; A., 
i, 706, 

R. Willstatter and F. Backe, Annalen, 1922, 427, 111; A., i, 598; 
B. Willstatter, J. Graser, and B. Knhn, Z. physiol. Chem., 1922, 128, 1 ; A., 
i, 1200. 

30 Willstatter and R. Kuhn, ibid.„ 1922, 115, ISO; A., i, 2S4, 

R. Willstatter and W. Steibelt, ibid., 1921, 115, 199; A., i, 282; ibid.. 
211; A., i, 306; R. Willstatter and R. Kuhn, ibid., 1921, 116, 53; A., 
U 283. 

K. Willstiitter and G. Oppenheimer, ibid., 1922, 118, 168; A., i, 203. 

33 R. Willstatter and W. Csanyi, ibid., 1921, 117, 172; A., i, 390; R. 
Willstatter and G. Oppenheimer, ibid., 1922, 121, 183; A., i, 959. 

3® R. Maestrini, Arch. Farm, sperim. Sci. aff., 1921, 32, 40, 49, 99, 126; 
A., i, 507, 508; R. Eecoq, J. Pharm. Chim., 1922, 25, IS; A., i, 312; F, 
RnchdCek, Chem. Listy, 1922, 16, 202; A., i, 974; H. C. Sherman, Carnegie 
Inst. Washington YearhooJc, 1919, 18, 328; A., i, 66; H. 0. Sherman and 
M. Wayman, J. Amer. Chem, Soc., 1921, 43, 2454 ; A., i, 282; H. C. Sherman 
and F. Walker, ibid., 2461; A., i, 283; U. Olsson, Z. physiol. Chem.^ 
1921, 117, 91; A., i, 390; E. Ernstrom, ibid., 1922, 119, 190; A., i, 599. 

3® G. Xi. Ftmke, Proc. K. Akad. Wetensch. Amsterdam, 1922, 25, 6; A., 

796. 

3® H. V. Euler and Svanberg, Z. physiol. Chem., 1921, 114, 137 ; A., i, 284; 
H. V. Euler and K, Myrbaok, ibid., 1922, 120, 61; A., i, 693; H. v, Euler 
and R. Svanberg, Arhiv Kem. min. Oeol., 1922, 8, Ko. 12, 1; A., i, 1200; 
H. V, Euler and K. Myrback, ibid.<t XTo. 17, 1; i, 1201, 
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other investigators.®*^ The hydrolytic and synthetic actions 
of emnlsin have been investigated, and the isolation of active 
preparations of this enzyme has been described.^® Emnlsin is 
present in a new species of yeast, Willia javamca.^^ Various species 
of BMzopus contain a pectinase.^^ The preparation of tannase 
from a mould has been described.^® 

Saccharophosphatase has been found in the seeds of the higher 
cultivated plants and in the leaves of the potato. The “ in- 
soluble amylase of barley has been shovm by an ingenious method 
to be associated with the alcohol-soluble group of proteins (hordcin). 

Degradation of Proteins and Amino-acids. 

Papers have appeared on the degradation of proteins by yeast, 
on the proteolytic enzymes of malt,^^ and on the bacterial degrada- 
tion of leucine,^® tyrosine,^® tr3?ptophan,®^ and a-naphthylalanine.'*^^ 

Other Enzymes. 

A method for the iDreparation of castor bean lipase has been 
described and its action studied.^® Lipase was also found in a 

w. C. Vosburgh, J. Amer. Chem. Soc., 1921, 43, 1693; A., i, 64; P. W. 
Miller, J. “Biol. Chem.^ 1921, 48, 329; A., i, 203; J. M. Helson and ID. I. 
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410; E Canals, Bull. Soc. chim,, 1922, [iv], 31, 921; A., i, 1075. 
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L, Kosentbaler, Fermentforsch., 1922, 5, 334; A., i, 480; E. Nordofoldt, 
Biochem. Z., 1921, 118, 15 ; A., i, 66. 

B. Helferich, Z. physiol. Chem., 1921, 117, 159; A., i, 390. 

J. Groenewege, Mededeel. Algemeen Proefsta. voor den Bandhouw., 1921, 
No. 9, 1 ; A., i, 903. 

li. Harter and J. H, Weimer, J. Agric. Research, 1921, 21, 609; A., 
I, 507. 

K. Frendenberg and E. Vollbrocht, Z. physiol. Chem., 1921, 110, 277, 
A., i, 285. 
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N. K. Ivanov, Biochem. Z., 1921, 120, 1, 25, 62; A., i, 202, 206; W. 
Dieter, Z. physiol. Chem., 1922, 120, 281 ; A., i, 795 ; E. Abderhaklen and 
E. Wertheimer, Fermentforsch., 1922, 6, 1 ; A., i, 796. 

, H. Enndin, Biochem. Z., 1922, 131, 193 ; A., i, 959. 

M. Arai, ihid., 1921, 122, 251 ; A., i, 303. 
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strain o£ Aspergillus niger.^’^ The production of fat from carbo- 
hydrate by the enz37ines of oil seeds, by yeast,^® and by the timothy 
grass bacillus has been investigated. 

Other papers deal with the properties and occurrence of 
urease. 

It is suggested that the catalase activity of seeds may be used 
as an indication of their germinative capacity. 

BE. J. Page. 

R. Schenker, Biochem, Z,, 1921, 120» 164; i, 203. 

Zj. Spiegel, Z, physiol, Chem,^ 1922, 120, 103; A,^ i, 694. 

I. S. Maclean, Biochem. J.^ 1922, 16, 370; A,^ i, 795. 

M. Stephenson and M. D. Whetham, Proc, Roy. Soc., 1922, [jB], 93, 
262 ; A., i, 600. 

S. LOvgren, Biochem. Z., 1921, 119 , 215; A., i, 185; D. H. Wester, 
Pharm. Weehblad, 1922, 69 , 173; A., i, 391. 

A. Goris and P. Costy, Compt. rend., 1922, 175 , 539; A., i, 1220. 

A. Nemec and F. Duchoh, ibid., 1921, 173 , 933; A., i, 94; ibid., 1922, 
174 , 632; A., i, 411. But see J. de Vilmorin and Cazaubon, ibid., 1922, 
176 , 60 . 



CRYSTALLOGRAPHY AND MINERALOGY. 


The predominating thought which arises on commencing to write 
this Report, on the 27th of December in the year 1922, is that 
this day is the centenary of the birth of Louis Pasteur at Dole, 
the picturesque little Erench town between Dijon and Pontarlier 
so familiar to travellers to Switzerland ; and that the most interest- 
ing crystallographic research carried out during the year and 
actually communicated to the Royal Society this very month has 
been the elucidation by means of X-rays of the structure of the 
crystals of tartaric acid, and the confirmation in all essential details 
of the classical results of Pasteur’s first research, carried out in the 
year 1848. The propriety of this happy coincidence, and the 
completeness of the proof of the accuracy of this crystallographic 
work of Pasteur, will, indeed, go down to posterity as one of the 
most romantic events in the history of the science. It reminds us 
very forcibly that the great Erench savant was a skilled crystallo- 
graph er first, and a benefactor of the human race by his wonderful 
bacteriological successes afterwards. 

Molecules in the Crystalline Condition, 

In lastjyear’s Report the writer uttered a protest against the 
very premature statements which had been made by certain authors, 
shortly after the announcement of the first results of X-ray analyses 
of simple binary compounds and elementary substances, that 
chemical molecules do not exist in the crystalline condition. The 
writer’s own researches had indicated exactly the contrary, and 
that in most cases of chemical compounds the crystal unit, the similar 
repetition of which built up the crystal and the representative point 
of which formed by its repetition in space the space-lattice, was 
composed of two to four or other small number of chemical mole- 
cules; and that within this polymolecular crystal unit, the grosser 
unit of the crystal structure and the unit cell of the space-lattice, 
the two, four, or other small number of molecules were mutually 
arranged in such a manner that the atoms composing them were 
situated so as to make up one of the 230 types of homogeneous 
structure which alone are possible to crystals. Although in very 
simple cases such as those of rocksalt, NaCl, and zinc blende, ZnS, 
the type of structure is so very simple that molecules may not be 
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definitely identifiable, they are there all the same, for they enter 
as such from the mother-liquor on crystallisation, and they are 
again recoverable on solution in a solvent or on fusion to the liquid 
state. In more complicated cases of substances composed of many 
atoms it was inconceivable that the molecules were destroyed, on 
entering the crystal to assist in building up the solid edifice. 

The important work of Sir William Bragg on the structure of 
naphthalene and its derivatives and anthracene, the results of the 
X-ray analysis of which were fully described in the last Report, 
gave the first experimental X-ray evidence of the truth of the writer’s 
views as above expressed. For it was conclusively proved that the 
chemical molecules of these many-atomed organic substances 
entered into the crystals intact, that the crystal-units of naphtha- 
lene and anthracene are each composed of two molecules, and 
that those of acenaphthene, a-naphthol, and p-naphthol each con- 
tain four molecules. 

It was further shown that when a crystal forms in a liquid, or 
by sublimation, each molecule which takes part in forming the 
crystal is fixed by the attachment of certain very definite points 
on its own structure to certain equally specific points on the structure 
of another molecule, the i^recision of the adjustment being beauti- 
fully exact, indicating very definite form on the part of the molecule, 
and that the forces exerted have very short ranges. In the case of 
naphthalene, for instance, the molecules arrange themselves alongside 
each other, and so that the a-hydrogens of each molecule seek to 
attach themselves to the carbon atoms of the neighbouring mole- 
cules. The two molecules thus enter the crystal unit in each case 
intact, and the similar repetition of this polymolecular unit, as the 
unit cells of a particular space-lattice, forms the crystal. For the 
molecules become locked into the crystal structure when attach- 
ments are made at sufficient points, the whole structure being then 
as definite and stable as the most perfect engineering structure. 

Further work during the year 1922 has united in offering additional 
confirmation of these now indisputable facts, and it was admirably 
summarised, and new results referred to, in the lecture which was 
delivered to the Chemical Society on October 26th by Sir William 
Bragg. ^ Moreover, a definite law has been advanced by one of his 
collaborators, Mr. G. Shearer,^ as expressing the results of investi- 
gations carried out at University College, London, to which further 
reference will be made later in this Report. 

Sir William Bragg began his lecture with the recognition of the 
fact that every crystal is built up by the repetition throughout 


1 Sir W. H. Bragg, T., 1922, 121, 2766. 

® Q. Shearer, Proc. Physical Soo., 1922. 
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its volume of a certain unit/" that the repetition is exact in every 
detail, so that each unit is a perfect epitome of the whole/" In 
fact he adopts as correct the statement of Barlow ^ that a homo- 
geneous structure is one, every point within which, if we regard 
the structure as without boundaries, has corresponding to it an 
infinitude of other points whose situations in the structure are pre- 
cisely similar.” Having adopted the conception of the unit cell, 
Sir William agrees to call it the crystal unit."’ R. W. G. Wyckoff ^ 
has come to a somewhat similar conclusion, but has, unfortunately, 
given the name crystal molecule "" to this unit polymolecular 
cell, which is to be deprecated as confusing, for crystal molecule 
is better left to expi*ess a chemical molecule as found in the crystal. 
Sir William then showed that there is no reason to suppose that, 
in general, the crystal unit is the chemical molecule, but that there 
is every reason to expect the contrary. The properties of the 
molecule are those of the substance in the liquid or gaseous state, 
whereas the solid substance possesses a large number of properties 
which the liquid substance does not possess. There may be cases 
where the molecule is the crystal unit (some will be subsequently 
referred to), but in general this is not so, and Sir William instanced 
silicon dioxide, Si02, the chemical molecule of which is incapable, 
by itself, of producing the rotation of the plane of polarisation of 
light, which is so characteristic a property of quartz, the crystallised 
dioxide, which X-ray analysis has shown to consist of crystal 
units made up each of the substance of three molecules of SiOg. 

Burther, it does not follow that the molecule exists in the crystal 
in exactly the same form and condition as in the liquid or gas; 
the disposition of the constituent atoms may be different (strained 
or distorted), although in most cases the difference is but slight 
and certainly not constitutional. For instance, in naphthalene 
each of the two molecules CioHg probably resembles very closely 
in shape the molecule in the liquid state. Still further, X-ray 
analysis has shown clearly that the crystal unit nearly always 
contains the substance of more than one molecule, usually two, 
three, or four. It has also very clearly indicated that the atoms 
in the unit can be divided into groups, each containing the substance 
of one molecule. 

In the case of organic crystals it has proved to be a very clear 
division into molecules. But in such simple cases as rocksalt and 
diamond it is very faint or even indistinguishable. For instance, 

® W. Barlow, Min. 1895, 11, 119. 

^ B. W. G. WyckofE, The Analytical Expression of the Besults of the 
Theory of Space-Groups,’’ Carnegie Inst. Washington, Publ. No. 318, 

p. 43, 



CB.YSTAi:.LOGBAPHY AKD IvrmEBALOay. 


237 


the four molecules of JSTaCl constituting the crystal unit of rocksalt 
liave apparently become indistinguishable. Yet there are some 
indications ‘‘ of association of a sodium atom at the edge of the 
cube with a chlorine atom l 3 dng along the digonal axis through the 
sodium. Indeed, in sylvine, KCl, this trace of association is suffi- 
cient to affect the form of the crystal, giving it the drop in symmetry 
which it actually shows ’’ (Sir William Bragg in a communication 
to the writer just received). 

With every word of the above, crystallographers can heartily 
agree, and will be grateful to Sir William Bragg for having so 
thoroughly cleared the air, and removed the gross misconception 
which had arisen, according to which crystals were to be regarded 
in all cases as merely assemblages of *‘ions,” which were confused 
with those of the electrolytic dissociation hypothesis. 

The sense in wffiich ionisation is to be understood in connexion 
with crystal structure was explained in the last Report (pages 220 
and 221). It relates only to that one of the two t 3 rpes of chemical 
combination which is characterised by electrovalency (Lang- 
muir), the transference of an electron or electrons from an electro- 
positive atom, having an excess for inert gas stability, to an electro- 
negative atom deficient in electrons. The other type of combination 
is characterised by co-valency/’ electrons being shared by two 
electronegative atoms to make up their common deficiency; the 
atoms are bound more closely together by this co-valent type of 
combination. Even in the case of electrovalent combination, 
however, where it is due to electrostatic attraction owing to the 
two atoms being left oppositely electrified by the transfer, it has 
been shown that evidence has been foupd by Sir William Bragg, 
notably in the case of potassium chloride, that the molecules 
formed retain their identity in the crystal structure. In the case 
of co-valency combination, the molecules are obviously very clearly 
identifiable. 

Sir William recalled that the form of the crystal unit is precisely 
defined in absolute measure by X-ray analysis, and is necessarily 
a parallelepiped, the unit cell of the space-lattice, bounded by three 
pairs of parallel faces, the distance between a pair, now known as 
the ‘‘ spacing ” of the plane parallel to the pair, being determined 
by the now famous expression : X = 2d . sin 0, where X is the wave- 
length of the X-rays used, d is the spacing, and 6 is the smallest 
of the glancing angles which the incident X-rays must make with 
the plane in order that reflection may occur. When the spacing 
of the three pairs of cell-faces is determined, the volume of the 
unit cell can, of course, at once be calculated. Moreover, the weight 
of the cell contents is found by multiplying by the density, and the 
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number of molecules in the unit cell is found by dividing this weight 
by the weight of the molecule. 

The shape of the unit has infinite possibilities, for the corners 
are all alike in Barlow's sense, that from each of them the outlook 
is the same ; it is these corners, with all the similar points through- 
out the crystal, which make up the space-lattice. It comes to the 
same thing as regarding the centres of the cells (or any other identi- 
cally chosen representative point) as the points of the space-lattice. 

A wide field of research now opens out, the determination of the 
physical constants of this polymolecular crystal unit, inasmuch as 
it possesses all the properties of the crystal. Its elastic, electric, 
optical, and thermal, indeed all vectorial, properties and constants 
now become of immense importance, and all of them will be intim- 
ately connected with the detailed internal structure of the crystal 
unit, that is, with the positions of the atoms composing it, and not 
improbably with the distribution of the electrons on the atoms. 
This detailed structure we can look to X-ray analysis to afford us. 
It has to be remembered, however, that X-rays cannot distinguish 
between the two sides of a set of reflecting planes. Bor instance^, 
in zinc blende the two ends of the polar crystal cannot be dis- 
criminated, although the distance between the alternating planes, 
say those parallel to (111), of zinc and sulphur is three times as 
great going from zinc to sulphur one way as it is when going the 
other way. Bor the intensities of the different orders of X-ray 
spectra reflected depend on the relative magnitude of the spacings 
and not on their order. Similarly, X-rays camiot discrim inatc’j 
between a right-handed spiral and a left-handed one, for tiu^ one 
is the reflection of the other. 

The number of chemical molecules in the cell (crystal unit) 
turns out to be intimately connected both with the symmetry of 
the crystal and with that of the molecule. Bor instance, while 
naphthalene has two molecules in the crystal unit, a-naphthol, 
in which a hydroxyl group is substituted for one of the hydrogen 
atoms of naphthalene and which must therefore be less symmetrical, 
has four molecules to the crystal unit, the symmetry remaining 
monochnic prismatic (holohedral). Similarly, while two molecules 
of benzene go to the crystal unit of benzene, four molecules are 
present in the crystal unit of benzoic acid, the molecule of which 
is obviously more unsymmetrical, and in this case the symmetry 
is also lower. The symmetry of the crystal thus increases with the 
number of molecules in the crystal unit, and also with the symmetry 
of the molecule itself. 

The paper of Mr. G. Shearer,^ already mentioned, was read to the 
^ O. Shearer, Proc, Physical Soc,^ 1922 . 
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Physical Society on December 8th, 1922, and the writer is able to 
give some account of it, as he has been most kindly permitted to see 
the proof-sheets. It discusses very fully the number of asymmetric 
molecules necessary per crystal unit to produce the symmetry of 
the 32 classes of crystals. The existence of fewer than this number 
of molecules in the crystal unit is shown to imply symmetry in the 
molecule itself. The relative positions of the variously orientated 
molecules in the lattice are also considered, and it is shown that 
only certain positions are possible. Further, it is concluded that 
the number of molecules in the elementary cell of the space-lattice 
is always the minimum necessary to satisfy the symmetry conditions, 
and that any symmetry of the molecule is reproduced in the crystal. 
Hence, the crystal always shows at least as much symmetry as the 
molecules which form it ; indeed, in general, the symmetry of the 
crystal is higher than that of the molecule. Shearer’s conclusions 
are then embodied in the followdng two rules : (1) The number 

obtained by dividing the weight of the crystal unit by the molecular 
weight is either equal to the S 3 rmmetry number (the number of 
asymmetric molecules in the unit) or is a sub -multiple of it. (2) In the 
latter case, the number obtained by dividing the symmetry number 
by the number of molecule sis the symmetry number of the molecule. 

Shearer’s first rule emphasises the fact that the chemical molecule 
is the basis of construction of the crystal unit, and thus lays still 
further stress on the persistence of the molecule in the solid crystal- 
line condition. No case has yet been observed in which the mimber 
of molecules is greater than the symmetry number, but cases where 
it is smaller are common. For instance, the great majority of 
organic substances examined by X-rays crystallise in the prismatic 
(holohedral) class of the monoclinic system, their symmetry number 
is four, and four molecules are found in the crystal unit cell. This 
obviously corresponds to molecules having no symmetry, which is 
very general for organic compounds. 

The work of Sir William Bragg and his collaborators has shown 
conclusively that it is possible to obtain decisive evidence of the 
position of the individual molecules in a polymolecular crj^'stal unit, 
and also of the positions of the various atoms making up each 
molecule. 

Taking this in conjunction with the rules of Shearer, it is now 
further possible to obtain a clue to the symmetry of the mole- 
cule itself. Sir William has laid down two definite principles 
concerning the positions of the molecules in the unit, (a) If a 
crystal unit conWn two molecules, one of which is the reflection 
of the other across a plane of symmetry, and each corner of the 
unit be occupied by a representative of one of the two types of 
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molecule, then the molecule of the other type must lie on a line 
perpendicular to the plane of reflection, and passing through the 
centre of one of the cell faces. (6) If a crystal unit contain two mole- 
cules, one of which can be brought to coincidence with the other 
by a digonal axial rotation (the crystal then possessing a plane of 
symmetry perpendicular to the axis), and if the crystal unit be so 

placed that each of its corners 
is occupied by one of the two 
types of molecule, then the 
molecules of the other type 
must lie on planes perpendicu- 
lar to the axis and passing 
through a face-centre. 

Now the spacing ” is the 
distance between any plane 
and the nearest parallel plane 
which is identical with the 
former as regards its relation 
to the crystal structure. And 
if there are four molecules in 
the unit, all four are, in 
general, differently related to 
any plane in the crystal. If, 
for example, the digonal mole- 
cules of case (6) lie in planes 
interleaving the planes of the 
other molecules, the spacing 
is halved (that of (010) for 
instance) ; this occurs in naph- 
thalene and benzoic acid. If, 
on the other hand, the digonal 
molecules lie in the same 
planes as the original mole- 
cules, the spacing is not 
altered, and this occurs in the 
two naphthols. Thus by the 
halving or otherwise of the spacing the positions of the constituent 
molecules of a crystal unit can be clearly ascertained. Tor instance, 
the positions of the four molecules A, jB, O, D, of benzoic acid, 
CeHg'COaH, are shown in Fig. 1. The spacings were determinable 
with great accuracy, as very strong reflections of the X-rays were 
obtained. The presence of double layers parallel to the (001) 
plane, and parallel to the very perfect cleavage, is also clearly 
shown, and the flLakiness of benzoic acid crystals is explained by 


Fia. 1, 



0& = 5-18; Oc=21-6; 
^ = 97° 5'. 

Crystal Unit Cell of Benzoic Acid. 
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the much closer packing of the molecules along this plane than along 
the other principal planes. 

As regards the kind of conclusions to be drawn concerning the 
symmetry of the molecule itself, when the number of molecules 
in the crystal unit is less than the symmetry number, the case of 
naphthalene may again be considered as an example. The symmetry 
number is four, but there are only two molecules to the crystal 
unit ; hence, the symmetry number of the molecule is two, that is, 
it possesses twofold symmetry and no more. This is strictly 
demonstrable only for the crystal molecule (the chemical molecule 
as it exists in the crystal), yet there must be some character in the 
substance which disposes its molecule CioHg to take up one or other 
of the two mutually digonal forms according to the circumstances 
in which it finds itself. Moreover, the X-ray results prove that the 
molecule of naphthalene must have either a plane of symmetry, 


Fig. 2. 


Fig. 3. 



The Symmetry of Naphthalene. 


a centre of symmetry, or a digonal axis. The evidence at the time 
of Sir William’s lecture was insufficient to decide which of the three 
alternatives is correct, but the balance of evidence favoured the 
centre of symmetry, the B molecule being both the reflection 
and the digonal complement of the A molecule, as illustrated by 
Figs. 2 and 3, the former representing the symmetry of the molecule 
and the latter that of the crystal unit (monoolinic prismatic). 

In the private communication to the writer already referred to. 
Sir William states that he has cleared up the doubt, and that the 
spacing thought at first to be a full one is really halved, and that there 
is no doubt whatever that the crystal molecule of naphthalene has a 
centre of symmetry. 

In this letter to the writer Sir William Bragg also makes a further 
statement regarding anthracene, which is important as it opens 
up a new method, by use of X-rays, of determining the density 
of crystallised substances. He has redetermined the spacings 
with some excellent little crystals provided by Dr. Brady, and these 
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much more accurate measurements show that the c-axis is exactly 
2*5 longer than in the case of naphthalene, just the right amount to 
correspond to an extra ring. The new numbers are : a — 8-58; 
b = 6-02 ; c = 11T8 ; (3 = 125^ O'. 

The 6-axis of naphthalene was found to be 5-98, practically 
identical with that of anthracene. On working out the density 
of anthracene from this new information it is found to be 1*255, 
and this is probably much nearer the truth than the very approximate 
value, 1*15, given in physical tables. Sir William considers that 
as the X-ray methods give the actual (absolute) dimensions of the 
crystal structure they afford a means of determining the density 
free from errors of inclusions of various sorts. 

Some additional X-ray data concerning benzene itself were given 
in his lecture by Sir William Bragg. The symmetry number of the 

Fig. 4. 


(a) ( 6 ) 



(c) 

Diagrammatic Forms of (a) Benzene, (6) Naphthalene, (r) Anthracene 

Molecules. 

crystal is eight, as it belongs to the rhombic bipyramidal (holohcdral) 
class, but there are only two molecules contained in the crystal 
unit. Each molecule possesses, therefore, fourfold symmetry. 
But it has neither a trigonal nor a hexagonal axis, and therefore 
the conventional method of representing the molecule as a hexagon 
is not in accordance with fact. The correct arrangement is slightly 
different from the sixfold arrangement of carbon atoms in the dia- 
mond, and it is shown in perspective in Fig. 4, which also shows 
at (6) the arrangement in naphthalene and at (c) that in anthracene. 
The figure of benzene at {a) has the correct amount of symmetry 
for the molecule of benzene as it occurs in the crystal ; it is more 
in accordance with the Dewar or Ladenburg formula than with that 
of K.ekul6 or of Claus. It will be remembered that the formula 
of Dewar is that here shown, the suffix after the C representing the 
order of the carbon atom and not the number of atoms. 
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It probably possesses a plane of symmetry and an axis of symmetry 
perpendicular to it, but this is not trigonal. The figure for the two- 
ringed molecule of naphthalene at ( 6 ) has a centre of S 3 rmmetry 
only, which has just been shown to be the fact. That at (c) for 
anthracene has a third ring of the diamond form inserted between 


Tig. 5. 



The Crystal Molecule of AbO^, 
sbowijag arrangement of Atoms. 


Fig. 6. 


CJL 



Section through Centre of 
Molecule, showing arrange- 
ment of Electrons in the 
Oxygen Atoms. 


those of naphthalene. The sides of all the hexagons are equal, 
but do not lie in a plane, and the angle between any pair of adjacent 
sides is the tetrahedral angle 109° 28'. 

As a couple of final examples of the truth of Shearer’s rules, 
the simpler inorganic cases of quartz and corundum may be referred 
to. The quartz crystal is of sixfold symmetry, and as its crystal 
unit contains three molecules of Si 02 , spirally arranged in accordance 
with trigonal (class 18) symmetry, each molecule has twofold sym- 
metry only. The crystal possesses digonal axes, hence the molecule 
of SiOg has digonal symmetry. Corundum has twelvefold (trigonal 
class 21 ) symmetry, with a crystal unit comprising two molecules 
of AI 2 O 3 , the axial ratio being a : c = 1 : 2*73 and not 1 : 1*365 
as usually given. The molecule, therefore, possesses sixfold sym- 
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metry. X-Ray determinations with the ruhy indicate the structure 
shown in Fig. 5, which agrees with trigonal symmetry, but does not 
show the nature of the additional twofold symmetry. In Fig. 6, 
which shows a section of the molecule, the digonal axis is, however, 
clearly visible at aa. Thus the molecule contributes the trigonal 
and chgonal axes, while the crystal structure contributes the planes 
of symmetry which are characteristic of class 21, for the molecule 
itself has no plane of symmetry. Sir William Bragg and Mr. 
Shearer both suggest that, as indicated in Fig. 6, the distribution 
of the six electrons in the outer shell of the oxygen atoms is such 
as determines that the crystal shall have the three symmetry planes, 
in addition to the symmetry elements already present in the mole- 
cule owing to the positions of the atoms. 

There has thus been accumulated a mass of evidence that the 
rules enunciated by Shearer are truly valid. The case of tartaric 
acid is another contributing weighty evidence in the same direction, 
but this is an altogether remarkable and exceptionally interesting 
case and will be dealt with in a separate section. Before passing 
to this, however, reference may be made to an important question 
raised by Shearer : What determines the choice by any substance 
of the peculiar form characteristic of itself ? For if the molecule 
be asymmetric aU the 32 classes are open to it to crystallise in. 
But it is very improbable that it will choose the class 32 of highest 
cubic symmetry, for 48 molecules would then be required to form 
the crystal unit, whereas 8 molecules is about the maximum number 
yet found in any space-lattice cell, and this is very exceptional. 
Asymmetric molecules will therefore crystallise in classes of low 
symmetry, which is, indeed, found to be the case. Out of a thousand 
organic aromatic compounds passed in review 60 per cent, require 
only four molecules to the crystal unit. If, however, the molecule 
possess some symmetry, its choice will fall on a higher class of sym- 
metry, the higher the greater the symmetry of the molecule. 

The Structure of Tartaric Acid, 

The coincidence is a most happy one, that the structure of tar- 
taric acid has been successfully determined by Mr. W. T. Astbury,^ in 
Sir WiUiam Bragg’s laboratory, at the very time of the Pasteur 
centenary. 

In the paper read to the Royal Society on December 7th, 1922, 
presenting the results of the X-ray spectrometrio analysis, not 
only are the conclusions of Pasteur confirmed in absolute measure, 
but some of the more obscure of the properties of this exceptionally 
interesting and important substance are cleared up by the nature of 
* Proc. Boy, Soc., 1922, [A]. 
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the structure which is revealed. The crystal structure of ordinary 
tartaric acid proves to exhibit just such a spiral arrangement 
of the four carbon atoms of the molecule as was assumed from the 
crystallographic, enantiomorphous, character of the crystals and 
from their dextrorotatory power. The theory of stereoisomerism 
of Le Bel and van’t Hoff is in its essentials confirmed, and the direct 
link between the crystallographic enantiomorphs and the chemical 
stereoisomerides is revealed. But it is shown to be impossible to 
distinguish between the dextro- and laevo-forms of such an optically 
active enantiomorphous substance. The structure established, 
however, affords a simple explanation of the anomalous rotatory 
dispersion, involving a maximum for a specific wave-length of light, 
which is exhibited both by tartaric acid and by its derivatives. 

The Bragg ionisation-spectrometer and a Coolidge bulb with 
molybdenum anticathode were employed, the crystals used being 



those of ordinary (dextro) tartaric acid, C^HgOe, The crystals 
belong to the sphenoidal class 4 of the monoclinic system, and their 
constants are a :b : c = 1*2747 : 1 : 1*0266; p = 100^ 17'; density 
1*759. The next two figures (Figs. 7 and 8) represent two typical 
crystals of the dextro- and laevo- varieties of tartaric acid, which 
differ essentially by the dextro-crystal exhibiting only the right 
clino-prism {011} and the Isevo-crystal only the left clino-prism {Oil}. 

The crystal unit is found to contain two molecules C 4 HgOe, and 
as the symmetry number is two, each molecule must be asymmetric 
in accordance with Shearer’s rule, and with the absolutely essential 
condition for optical activity, the absence of second-order symmetry 
elements, symmetry planes being certainly absent. The crystal 
also being likewise optically active, must be without any plane of 
symmetry, and must possess some kind of spiral structure, which 
is right-handed in one of the active varieties and left-handed in 
the other. 

The structure which Mr. Astbury eventually deduces from his 
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X-ray speotrometric measurements of spacings and intensities of 
the various spectral orders, together with the known crystallo- 
graphic and density data above given, is shown in Fig. 9. The 
portion of the figure marked I shows the crystal unit of tartaric 
acid and the arrangement of the molecules. Of the two molecules 
forming each crystal unit one is the digonal complement of the 
other, and the spacing of the (010) planes is found to be halved in 
consequence. Moreover, the structure exhibits not only one spiral 
but two spirals, differently handed but not mirror-image comple- 
ments and occurring in different parts of the structure. One is 
associated with the four carbon atoms at the centre of the molecule 

Fig. 9. 


TA^^AK(C ACW."^ Cfifpki-COON'COOH 



The Strueiuro of Tartaric Acid. 


and forming its nucleus, and the other with the four hydroxyl 
groups. To the former spiral is due the optical activity of the 
solution, for it is permanent, persisting in the molecule itself; 
whereas the latter spiral appears only in the crystal structure and 
disappears in solution. Its rotation ej6Eect on the plane of polarisa- 
tion of light is greater than that in the opposite direction due to 
the first screw, and so determines the sign of rotation of the tartaric 
acid crystal, which appears to be the opposite of that of the solution. 

Parts 11(a) and 11(6) show the two enantiomorphous forms of 
the crystal unit, and the arrangement of the two molecules along 
the axis a, as well as the projection of the carbon core on a plane 
perpendicular to axis a. Part HI shows the section of the crystal 
unit perpendicular to axis a, with the arrangement of the molecule 
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at each comer and its digonal complementary molecule at the 
centre. 

This structure agrees with all the purely crystallographic data 
concerning tartaric acid. The two forms shown at 11(a) and 11(6) 
are clearly enantiomorphous wdth respect to each other. It also 
explains the one perfect cleavage parallel (100), the plane about 
which lie the junctions of the hydroxyl groups. For the molecules 
are held together end to end by forces between the hydrogen atoms 
of adjacent hydroxyl groups, one OH group being carboxylic and 
the other alcoholic. None of the strong valency forces acts across 
this plane (100), but only these weaker forces acting from molecule 
to molecule and serving to bind them together in the crystal lattice ; 
hence, it is pre-eminently a plane of possible cleavage, as is actually 
observed. The junctions in the (=OH-) linkages are stronger, 
hence, there is no cleavage across them, doubtless due to the oxygen 
having double linkage. The distance between carbon and oxygen 
atoms in the (-C— O) groups is also less than in the (~C-0~H) 
groups, and this is doubtless due to electron-sharing. 

Another interesting fact is that there is a particularly intense 
first-order reflection of the X-rays from the (Oil) plane, and it is 
precisely this plane which has the greatest density of atoms per 
unit area ; the interleaving also throws most of the energy into the 
first-order spectrum from this plane. Now the crystals themselves 
usually develop these planes characteristically, (Oil) on right- 
handed crystals and (Oil) on left-handed ones, as shown in Figs. 
7 and 8. This agrees with the well-known crystallographic principle 
that a crystal tends to develop best the planes of greatest reticular 
density. 

The spiral nature of the two enantiomorphous structures shown 
at 11(a) and 11(6) will be obvious, and the fact that they are of 
opposite winding. The four carbon atoms which form the nucleus 
of the molecule are situated at alternate comers of the oblique 
parallelepiped, and this automatically produces an irregular spiral 
formation within the molecule itself. Moreover, the hydroxyl 
groups are arranged in another spiral of opposite kind, the junction 
between the hydrogen atoms being only possible when this is so, 
this second twist reversing, and more, the twist of the nucleus of 
the molecule just described. Each of these twists in one enantio- 
morph is the opposite of that in the other, and this reversal of twist 
inverts the order of succession of the (-H), (-OH), and (-CO*OH) 
groups round the asymmetric carbon atoms. 

The structure agrees with the fact that the plane of the optic 
axes of tartaric acid is perpendicular to the one symmetry plane of 
the monoclinic crystal, the obtuse bisectrix coinciding with the 
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unique digonal symmetry axis 6, so that the two optic axes make 
equal angles with axis b ; it consequently also agrees with the fact 
that the rotatory power along each of the two optic axes is the same, 
namely, according to Dufet S'" 33' per millimetre of thickness of 
plate for red lithium light, increasing with shortening wave-length 
to 14"^ 14' for green thallium light. 

The unusual property was discovered by Biot, that solutions of 
tartaric acid in water or alcohol show a maximum rotation in the 
green, and also that the specific rotation of an aqueous solution 
at a given temperature is a linear function of the concentration : 
fa] = ^ -f- jSe, where € is the pi’oportion of water in the solution. 
By extrapolation he also obtained the rotation of the anhydrous 
acid, and predicted that for red light this would change sign at 23°. 
This prediction was subsequently verified. Now these remarkable 
facts are also explained by the structure of the crystals as now revealed 
by Jf-rays, the two opposite rotatory systems produced by the 
two opposite spiral twists of the two parts of each molecule being 
adequate to account for them completely. The involved explana- 
tion suggested by Lowry is thus unnecessary, the structure alone 
affording a sufiS.cient cause. 

The final conclusion is that the dextrorotatory power of ordinary 
tartaric acid is to be ascribed solely to the presence within the 
molecule of a system of four carbon atoms forming an irregular 
spiral. The direction of twist of this spiral is the opposite of what 
it is in ZcBW-tartaric acid. Arguing from the analogy of Beusch’s 
pile of mica plates simulating quartz and its rotation, a clockwise 
spiral of atoms will produce dextrorotation (meaning that the plane 
of polarisation of light is rotated to the right or to the left from the 
point of view of a person looking into the microscope), and an anti- 
clockwise spiral Isevorotation. In cZcx^ro-tartaric acid the order 
of sequence of the (-H), (“OH), and (~CO*OH) groups is anti- 
clockwise, as we look towards the asymmetric carbon atom in the 
direction leading towards it from its companion asymmetric carbon 
atom. The aspect of the molecule as a whole shows a distorted 
tetrahedral arrangement of bonds. 

It would thus appear that the structure arrived at as the result 
of this interesting investigation explains in a most satisfactory 
fashion even the smallest details of the physical propeities, in many 
ways peculiar and unusual, of tartaric acid, as well as confirming 
the general conclusions of Pasteur and later workers as to the 
essential characters of the two varieties and their relations to the 
optical activity of this typical enantiomorphous substance, the first 
of the large class of such substances which have since become known. 
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Further Light on Functions of Exterior Electrons. 

It was shown in the last Report that some light had been thrown 
on the situation of the outer electrons of the atoms by some special 
experiments, concerning the intensity of certain orders of X-ray 
reflection from the planes of atoms in the diamond and fluorspar, 
by Sir W. H. Bragg and Mr. H. Pealing. It is immaterial, as regards 
the symmetry of the atoms, whether the electrons are stationary 
or moving in orbits, so long as in the latter case the distribution 
of the orbits or of their normals is considered. In any case, the 
outer electrons are prime factors in the problem of atomic symmetry, 
and the concluding portion of Shearer’s paper ^ deals with this 
aspect of the subject. ISTow a considerable number of the elements 
crystallise in the highest class 32 of cubic symmetry, while the 
crystal unit only contains two or four atoms. 

If we consult Shearer’s table giving the number of asymmetric 
molecules required to build up the crystal unit in each of the 32 
classes (this number varies from 1 in class 1 to 48 in class 32), 
and divide the 48 there given as corresponding to class 32 by 2 or, 
4, we arrive at 24-fold or 12-fold symmetry as being that possessed 
by these elementary atoms, and this correspond^ to one of the lower 
classes of the cubic system. Prom this Shearer concludes that there 
is some form of cubic arrangement of the electrons or their orbits 
in these atoms. Carbon, in the diamond form, even if considered 
as only belonging to class 31 (whereas there is more evidence that 
it really belongs to class 32), as it has eight atoms to the crystal 
unit, would have the symmetry number three, and would therefore 
possess a trigonal axis. Hull’s structure for graphite also supports 
the assumption that the carbon atom possesses a trigonal axis of 
symmetry in its structure. It would thus appear that for crystallo- 
graphic purposes what matters is the outer electronic arrangement, 
and not the atomic nucleus. 

In the last Report it was also shown that a formula for the intensity 
of reflection from a crystal plane of atoms had been arrived at 
by W. li. Bragg, R. W. James, and C. H. Bosanquet, embodying 
also some important results of C. G. Darwin and A. H. Compton, 
and also those of P. Debye and P. Scherrer, in which occurred an 
important factor, X, which depended on the number and arrange- 
ment of the electrons of the diffracting atoms constituting the 
plane. 0. G. Darwin,^ however, has since shown that on account 
of the difficulty in determining the effective coefficient of extinction 
of the X-rays the result afforded by the formula is not quite 
accurate, and has suggested a new formula, based on his experi- 
ments with powdered crystals, as affording more accurately the 
« C. G. Darwin, PMl. Mag., 1922, [vi], 43, 800; ii, 416. 
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amplitude of the wave scattered by all the electrons in a single 
atom in the direction of the reflected beam. A. H. Compton and 
N. Xi- Freeman ^ have also arrived at the same conclusion, and have 
made quantitative measurements of the intensity of X-rays derived 
by reflection from rocksalt and then scattered by powdered crystals 
of sodium chloride, using the line from molybdenum (A = 0*708 
A.U.). They found that the theory of X-ray reflection which has 
been put forward by Sir W. H. Bragg then gives accurate results. 
In a further paper, W. L. Bragg, James, and Bosanquet ® revise their 
results in the light of these contemporary researches, and have 
reduced the error due to the extinction uncertainty to a minimum. 
The results then indicate that neither in the sodium nor the chlorine 
atom can there be eight electrons in an outer shell, or eight electrons 
describing orbits lying on an outer sphere ; but that a combination 
of circular and ellipitic orbits would agree with the F curves as now 
corrected. This would appear to indicate that the theories of Bohr 
and of Langmuir concerning atomic structure are neither alone 
correct, and that the truth lies somewhere between the two, a con- 
clusion which has lately been emphasised from all sides. 

Effect Bf Temjperature on 'X.-Ray Reflection, 

This has been studied during the year by T. Backhurst ^ in Sir 
W. H. Bragg's laboratory. According to C. G. Darwin and to P. 
Debye the intensity diminishes as the temperature of the crystal 
increases, and it does so more rapidly as the angle of reflection 
increases. These conclusions were supported by experiments 
made some time ago by Sir William Bragg, and are now fully con- 
firmed by Mr. Backhurst's results.^ Sir W. H. Bragg's apparatus 
was used, the crystal being placed in an electric heater furnished with 
mica windows for ingress and egress of the X-rays, the thermometer 
bulb being immediately over the crystal. Sir W- H. Bragg’s 
original apparatus only permitted of determinations with rocksalt 
and sylvine up to 370° and 311°, respectively, but in the new 
arrangement a much higher temperature can be maintained, and 
the crystal be environed by an atmosphere of nitrogen, a thermo- 
couple being substituted for the thermometer at the higher tempera- 
tures. Crystals of aluminium, carborundum, graphite, diamond, 
sapphire, and ruby were studied. Aluminium showed a very 
marked decrease of reflection intensity with rise of temperature, in 
fair agreement with Debye’s theory. Carborundum proved stable 
enough to be tested (using a special furnace) up to as high a tempera- 

A. H. Compton and KT. L. Freeman, Nature^ 1922, 110, 38. 

* W. L. Bragg, R. W. James, and C. H. Bosanquet, Rhil, Mag,^ 1922, [vij, 
44.433; ii, 703. 

» I. Backhurst, Rroc, Boy, Soc,, 1922, [A], 102, 340, 
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ture as 960'', and gave much greater decreases of intensity for the 
higher spectral orders. Graphite, studied up to 850", agreed with 
theory, but also showed an unusually high coefficient of expansion 
perpendicular to (0001), which further emphasises the weakness 
of the bonds in this direction referred to in the last report. Diamond 
was remarkable as showing practically no decrease of intensity, 
owing to its great strength and the slight degree of thermal agitation 
which it evinces. Kuby and sapphire showed an anomalous effect, 
indicating that the pair of aluminium atoms remain in contact 
and do not share in the expansion of the lattice wliich is observed. 

Crystal Structure as determined by 'X.-Rays and the 230 Space-groups, 

A fact which has become more and more emphasised during the 
year is that all the results of X-ray analysis of crystals which are 
open to no ambiguity have shown that the crystal structure con- 
forms to one or other of the 230 types of homogeneous structure 
which Schoenflies, Fedorov, and Barlow united in specifying as 
those alone possible to crystals. The facts are concisely expressed 
as follows : Direct experimental proof is afforded that the struc- 

tural units, the component chemical atoms and their molecular 
or polymolecular groups, are arranged in crystals in one or other 
of the 14 space-lattices as regards the main grosser structure (that 
of points representative of the molecule or small group of molecules), 
and in one or other of the 230 point-systems as regards the ultimate 
units, the chemical atoms themselves. . . . Indeed, it must happen 
that the structure revealed by X-rays shall agree with one of the 
230 types of homogeneous structures which alone are possible 
to crystals.’’ These words, quoted from the second edition of the 
writer’s book published early in the year, page 705 of Vol. I, 
are thus now by the year’s work more than ever confirmed. 

It is consequently of the highest importance for workers in the 
X-ray field of research to have before them a clear presentment 
of the 230 types. They are only in the simpler cases hard-and-fast 
stereotypes ; for the great majority permit of considerable variety 
in the details of the arrangement of the ultimate units (atoms), 
and it is the quite feasible task of the X-ray investigation to discover 
these details. The 65 (of the 230) more fundamental point-systems of 
Sohncke, to which or to their special cases most of the structures 
yet elucidated correspond (some of these special cases being simple 
space-lattices themselves), involve only coincidence movements 
or symmetry elements of the first order (rotations about axes, 
possibly screw axes, and translations), the other more rarely natur- 

10 A. E. H Tutton, ‘‘ Crystallography and Practical Crystal Measurement."’ 
Second edition in two volumes, Macmillan Co., 1922. 
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ally occurring 165 types involving also operations and symmetry 
elements of the second order {symmetry planes, mirror-image- 
reflection planes, mirror-axes, inversions, or symmetry centres}. 
The 65 Sohncke point-systems are all described and illustrated, 
with exact reproductions of Sohneke’s drawings, in the writer’s 
book just referred to, pages 601 to 621. The special cases are also 
described in which the point-system becomes reduced directly 
to one of the 14 space-lattices of Bravais, and the derivation of 
the other 165 point -systems from the 65 is traced, and a table given 
showing the distribution of the whole 230 among the 32 crystal 
classes and seven crystal systems, with the Sclioenflies class symbols 
and his space-group numbers. The details of the symmetry of 
all the 230 space-grouj)s have been given by all three of the original 
independent discoverers, but the notation of Schoenflies, as given 
in his Krystallsysteme und Krystallstructur,’’ published in Leipzig 
in 1891, has become more generally adopted. An excellent summary 
of it is given by H. Hilton in his Mathematical Crystallography,” 
published in Oxford in 1903. P. Niggli has more recently, in his 

Geometrische Krystallographie des Liscontinuums ” (Leipzig, 
1919), given a considerable number of special cases of the space- 
groups, and has specified the positions within the unit cell of each 
space-group of all its symmetry elements. 

H. Hilton, in a paper to the Mineralogical Society in June last, 
refers to the bewildering variety of other suggested notations than 
that of Schoenflies, and points out that the Schoenflies notation 
itself suffers from two serious drawbacks. The first is that rotation 
and rotatory reflection are taken as fundamental operations, whereas 
for crystal-structure purposes rotation and rotatory inversion 
are needed. The second is that it is troublesome and expensive 
to print, involving small index and suffix numbers or letters after 
the capital letter symbol. He therefore suggests yet another 
notation, involving only English type and nothing above or below 
the line. 

In October last a memoir of 180 pages in book form by R. W. G. 
Wyckoff ^ was published by the Carnegie Institute of Washington, 
in which all the special cases of the space-groups have been worked 
out. The matter contained is largely tabular, giving the co- 
ordinates of the most generally placed equivalent points and all 
the special cases of these equivalent points, contained within the 
unit of structure of each of the 230 space-groups. In this form the 
information will be immediately available to X-ray analysts. 
For a review of all the X-ray analyses yet carried out has shown 
that the number of particles (atoms) contained in the unit cell is 

H. Hilton, Mtn. Mag.^ 1922, 19, 319. 
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usually smaller than the number of most generally placed equivalent 
points of the space-group having the symmetry of the crystal. 
The special arrangements of the equivalent points (on axes, planes, 
or other symmetry elements), whereby the number of symmetry 
elements is reduced, are thus of great importance to the X-ray 
analyst. This book is, therefore, one of very considerable value. 
Hefei'ence has, however, been already made to one point 
which it would be a clear advantage to remedy in any future 
edition of the work, namely, the replacement of the term crystal 
molecule by “ crystal unit,’" which is really what WyckofE means 
by the term. As Sir William Bragg remarks in a letter to the writer, 
the term crystal molecule ” is much better left to indicate the 
chemical molecule as it exists in the crystal unit, which latter is 
usually, as already so clearly proved, composed of more than one 
chemical molecule. For it is, indeed, most essential to discriminate 
between three very different things, the crystal unit, the crystal 
molecule, and the chemical molecule. By the latter is to be under- 
stood the molecule as it exists in the gaseous or liquid condition. 


Miscellaneous 1K.-Itay Results, 

An important paper by M. Siegbahn,^ on the improvements 
which he has introduced into X-ray spectrometry, gives some 
remarkably accurate determinations, suitable for use as Standards 
of Reference^ of the angle of reflection of the first-order Ka radiation 
of copper from calcite. They are as follows : 


With crystal face poHshed- 


With rough cleavage face. 


Mean 


140 

42' 

2 - 8 " 

14® 

42' 

0 - 0 " 

14 

41 

59-8 

14 

41 

69-9 

14 

41 

59-6 

14 

41 

69-2 

14 

42 

1-3 

14 

41 

58-0 

14 

41 

59-5 

14 

41 

69-6 

14 

42 

2-3 

14 

42 

5-5 

14® 

42' 

0 - 8 " 

Mean. 14® 

42' 

0-4" 


The difference for the two conditions of face being so min u te, 
the final mean 14® 42' 0*6" may be taken as a standard value. 
We have here an excellent proof that it is the inner planes within 
the crystal substance that are chiefly concerned in contributing to 
the reflection, and not the surface of the crystal face. 

A Modification of the Powder Method was described by E. A. Owen 
and G. D. Preston to the Physical Society on December 8th, 1922, 
in which plates of aluminium, iron, copper, lead, and magnesium 
were examined on the Bragg X-ray spectrometer, employing 
radiation direct from a molybdenum anticathode. Excellent 

ComyU rend., 1921, 173, 1350; A., ii, 104. 
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spectra were obtained, which enabled the structure of these metals 
to be readily determined. Sir William Bragg pointed out that 
one of the planes becomes unduly accentuated by the polishing 
process, and this has to be remembered in interpreting the results. 

The Structure of Ice , — In the last Report the work of D. M. Dennison . 
was recorded, who found ice to have the structure of a close-packed 
hexagonal lattice, composed of two sets of interpenetrating triangular 
piisms, with edges 4‘52 and height 7 '32 A.U., the axial ratio being 
: c = 1 : 1-62. Sir William Bragg, revising this work and the 
earlier work of A. St. John, finds that four such lattices interpene- 

Fig. 10. 



trate to form the complete structure, and confirms Dennison’s 
figures for the dimensions. Each oxygen atom is at the centre 
of gravity of four neighbouring equidistant oxygen atoms, from 
each of which it is separated by a hydrogen atom, there being twice 
as many hydrogen atoms round each oxygen atom as there are oxygen 
atoms round each hydrogen atom. The structure is shown in Eig. 10. 

The structure is an extremely open one, corresponding to the low 
density 0*9165, and it is easy to suppose that loose HgO molecules, 
hquid water, would occupy less space, so that the expansion on 
freezing, and the melting of ice by pressure, is accounted for. The 
dimensions of the hydrogen atom are here measured for the first 
time, the sum of the diameters of oxygen and hydrogen atoms being 
2‘76 A.D. As the diameter of the oxygen atom is 1*30, that of 
^3 Proc. Thya. Soc,, 1922, 84, 98. 
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hydrogen will be 1'46 A.U. This is not too large, for G. Axninoff 
has calculated it from investigations of magnesium and manganese 
hydrides as 2*16, and from the structure of ice as 2'24. From its 
relation to the alkali metals hydrogen might well be expected to 
have this slightly larger diameter than oxygen. 

Structure of the Crystallised Elements. — A. W. Hull has pub- 
lished two papers since the last report, regarding further results 
with his powder method. Summarising, cobalt, nickel, rhodium, 
palladium, iridium, platinum, and thorium have the face-centred 
cube structure. Iron has the centred cube structure, Huthenium 
and osmium have hexagonal close-packed structures, the axial 
ratio of each being 1*59. Titanium, zirconium, and cerium have 
distorted hexagonal close-packed structures, with axial ratios 1*59 
in the first two cases and 1*62 in the case of cerium. 

Xi. W. McKeehan has determined the structure of potassium 
cooled to — 150®, and found the atoms to be arranged on a centred- 
cube lattice, with a = 5*20 A.U. The observed crystalline structure 
does not persist as the metal is allowed to regain room temperature. 
He has also investigated crystallised glucinum and found that it 
resembles magnesium, zinc, and cadmium (close-packed hexagonal) 
rather than calcium, strontium, and barium. There are two sym- 
metrically interpenetrating hexagonal space-lattices, the side 
being 2*283 A.U. 

The crystal structure of germanium has been determined by IST. H. 
Kolkmeyer by the powder method, and fotmd to resemble that 
of diamond, and the similar forms of silicon and tin. The lattice 
parameter a == 5*61 A.U. 

Iron ill its various forms has been studied by A. Westgren and A. 
E. Lindh,^^ and also by Westgren and G. Pj^agmen.^^ For pure 
iron (a-iron) Hull’s result is confirmed, namely, a centred-cube 
lattice. Between 800® and 836®, within the P-iron region, the atomic 
grouping remains the same. They regard allotropy and poly- 
morphism as synonymous, and that p-iron is only a particular 
modification of a-iron. Austenite and pure iron at 1000° were found 
to have a face-centred cube lattice, which is also characteristic 
of y-iron. Hence the two really different forms are a- and y-iron. 
Martensite was found to be a-iron, as was also high-speed tool steel 

14 G. Aminofi, Qeol. For. Forh., 1921, 43 , 389 ; A., ii, 496. 

16 Hull, FTvyaical Fev.j 1921, 18 , 88 ; J*. Franhlin Inst., 1922, 193 , 189 ; 

sec also A., ii, 624. 

L. W. McKeehan, Froc. Nat. Acad. Sci., 1922, 8, 254, 270; A., ii, 709. 

1’ H. Holkmeyer, Froc. K. Akad. Wetensch. Amsterdam, 1922, 125; 

A., ii, 713. 

1* A. Westgren and A. E. Liindh, 'physihal. Chem., 1921, 98 , 181 ; A., ii, 152. 

1* A, Westgren. and G. Phragmen, Ibid., 1922, 102 , 1; A., ii, 711. 
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hardened at 1275"^. Iron wire at 800% 1100% and 1425% within 
the p and y regions, has the centred-cube structure like a-iron. 
The transition which occurs at 900® (Ag) is reversed at 1400® (A 4 ). 
The presence of carbon extends the space-lattices. Gementite 
and spiegeleisen crystals were found to be identical, of rhombic 
symmetry with four molecules of IFcgC to the crystal unit. 

Lithium Hydride has been studied by J. M. Bijvoet and A. Kars- 
sen,^® and found to be cubic wdth four molecules of LiH to the 
crystal unit, the side of which is a = 4T0 A.U., the structure 
resembling that of rocksalt. 

Silver Oxide, which crystallises in* small octahedra, has been 
investigated by the powder method by R. W. G. Wyckoff,^^ and 
found to resemble cuprous oxide, wdth a unit cube containing two 
molecules of AggO, and an edge of 4*768 A.U. 

Magnesium Oxide has been reinvestigated by W. Gerlach and O. 
Pauli by the powder method, and found to be constructed on a 
face-centred cube lattice, with length of side 4*22 A.U., identical 
with the previous value. 

Gluoinum Oxide has been investigated by L. W. McKeehan,^^® who 
finds the diffracting centres to lie at the points of two symmetrically 
interpenetrating hexagonal space-lattices having the side 2*696 A.U. 

AlJcali Halides. — ^Ammonium chloride has been studied by R. W. 
G. WyckoS by the spectrometric and powder methods (first 
paper) and by the Lane radiographic method (second paper), and 
he has decided for tetrahedral and not plagihedral symmetiy, 
the unit cube having only one molecule contained in it. The 
chlorine atoms are situated at the cube corners, the nitrogen atom 
at the cube centre, and the four hydrogen atoms are arranged 
tetrahedrally around and near the nitrogen atom. The side of the 
unit cube is 3*859 A.U. 

Por this work some excellent crystals, clear rectangular prisms 
several millimetres in size, were obtained, from solutions containing 
urea. They afforded a refractive index of 1*639, and gave 
excellent Lane radiograms. 

Lithium chloride, bromide, and iodide, and sodium, potassium, 
rubidium, and caesium fluorides have been investigated by E. 
Posnjak and R. W. G. Wyckoff,^^ and the results, together with 

J. M. Bijvoet and A. Rarssen, Proc. K. Akad. Wetenach. Armterdam, 
1922, 26, 26; A., ii, 569* 

21 W. a Wyekofi, JLmer. J. ScL, 1922, [v], 3, 184; A., ii, 291. 

22 W. Gerlach and O. Pauli, Z, Physik, 1921, [vii], % 116. 

22 a Zi. W. MoKeehau, Proa. Nat. Acad. JSoi., 1922, 8, 264, 270; A., ii, 709. 

B. W. G. Wyckoif, Amer. J. JScL, 1922, [v], 3, 177 ; 4, 469; A., ii, 290. 

*** B. Posnjak and B. W. G. WyokojS , J* Washington Acad. Sd., 1922, 
12, 248; A., ii, 499. 
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those of former work, are tabulated for twenty salts of the type RX. 
All prove to be of rocksalt type with simple cubic lattice, except 
caesium chloride, bromide, and iodide, which possess the centred- 
cube lattice structure. 

In the writer’s opinion, this difference of structure on the part 
of the caesium halides at once explains why a clear progression in 
crystallographic constants and properties is not manifested by the 
potassium, rubidium, and caesium salts of halogen acids, similar 
to that which characterises the sulphates. The caesium halides 
are obviously not strictly comparable with the corresponding 
potassium and rubidium halides. 

W. P. Davey and Miss P. G. Wick also find caesium chloride 
to be constructed on a cubic lattice, with caesium atoms at the 
corners and a chlorine atom at the centre of each cube. The 
spacings for the cube planes are for KCl 6*26 (Bragg), for RbOl 6*60 
(Wyckoff), and for CsCl 4*12 A.U. (Davey and Wick), the latter 
body-centred cube value being thus quite different from the values 
for the former two rocksalt groupings. 

Cuprous Chloride, Bromide, and Iodide have been studied by R. W. 
G. Wyckoff and prove to have the zinc blende arrangement 
of atoms in their crystals, the lengths of the sides of the unit cubes 
being respectively 5*49, 5*82, and 6*10 A.U. 

Potassium Cyanide has been examined by R. M. Bozoirth,^^ using 
all three methods (of Laue, Bragg, and Debye). A structure 
somewhat similar to that of rocksalt is indicated, with potassium 
atoms at the sodium positions and the carbon and nitrogen atoms 
near the chlorine atomic positions, and 1*15 A.U. apart, equi- 
distant in each case from the chlorine position in rocksalt. 

Cadmium Iodide has also been examined by Bozorth and 
found to be trigonal and not, as supposed, hexagonal. The crystal 
unit contains one molecule Gdig, and the shortest distance between 
the centres of the cadmium and iodine atoms is 3*00 A.U., which 
is exactly the sum of the radii given by W. L. Bragg. 

The Aragonite Group of Minerals (aragonite, strontianite, witherite, 
and cerussite) forms the subject of a paper by M. L. Huggins,^® 
who suggests that each carbon atom, as in calcite, is linked by double 
bonds to three oxygen atoms, each oxygen atom to two calcium 
atoms and one carbon atom, and each calcium atom to six oxygen 

25 w. P. Davey and Miss F. G. Wick, Bhysical Bev,, 1921, V7, 403. 

26 K*. W. G. Wyckoff and B. Posnjak, «7. Amer, Ghem. Soc., 1922, 44, 30; 
A; ii, 295. 

27 K. M. Bozorth, ibid., 317; A,, i, 441. 

Ibid., 2232; A., ii, 857. 

M. L. Huggins, Physical Bev,, 1922, 19, 354; A., ii, 463. 
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atoms, at the comers of an irregular octahedron (presumably a 
rhombic pyramid). 

TAe Group of Isomorphous Nitrates of lead, barium, strontium, 
and calcium, R(lSr03)2, crystallising in the tetrahedral pentagonal 
dodecahedral class 28 of the cubic system, has been studied by Lr. 
Vegard by the powder method. The metallic atoms are arranged 
in a face-centred lattice ; three oxygen atoms and one nitrogen atom 
form a group at four of the corners of a cube, this group having a 
trigonal axis and being surrounded by four metallic atoms. 

Sodium Chlorate and Bromate^ which also crystallise with class 28 
symmetry, have been reinvestigated by R. G. Dickinson and E. A. 
Goodhue,^® The atoms appear to be arranged with the symmetry 
of the Schoenfiies space-group T^, all the oxygen atoms being 
equivalent. 

Phosphonium Iodide, PH4I, has been submitted by R. G. Dickin- 
son to both the Bragg and Laue methods of X-ray analysis, 
and found to afford a similar structure to ammonium chloride at 
low temperatures. The unit cell has the dimensions 6*34 by 6*34 
and 4*62 A.U. 

Ammonium Ohloroplatinate, (NH4)2ptCl6, has been examined by 
the Laue method by R. W. G. Wyckoff and E. Posnjak,®^ and appears 
to have a structure resembling that of fluorspar, in which the Pt0l5 
groups replace the calcium atoms, and the ammonium groups 
replace the fluorine atoms. The crystal unit cubic cell has a side 
of 9*843 A.U. Curiously enough, Wyckoff also finds that the 
crystals of the complex nickel ammonia compounds of the type 
NiX2,6NH3, formed when ammonia is added to solutions of nickel 
chloride, bromide, and iodide respectively, are arranged in a similar 
manner isomorphous with ammonium chloroplatinate, the sides 
of the unit cells in the three oases being 10*09, 10*48, and 11*01 A.U. 
In each ease there are four molecules in the crystal unit cell, the 
nickel atoms replacing those of platinum, and the nitrogen atoms 
occupying the positions of the chlorine atoms. 

Potassium Chloroplatinate, KgCPtCl^], and the salts RbgLPdBr^] 
and [Ni(0H3)e]0l2 have also been investigated by P. Scherrer and 
P. Stoll and found to resemble fluorspar and ammonium chloro- 
platinate, the co-ordinated complex in square brackets replacing 
the calcium. 

L. Vegard, Z. Phyaik, 1922, 9, 395; A., ii, 503. 

B. G. Biokinson and E. A. Goodhue, J» Amer. Ohem, Soc., 1921, 43, 2045 ; 

ii, 145. 

B. G. Bickinson, ibid., 1922, 44, 1489; A., ii, 040, 

B. W. G. WyekoflE and E. Posnjak, ibid., 1921, 43, 2292; A., ii, 214, 

as B, W. G. WyckoH, iUd., 1922, 44, 1239; A., ii, 573. 
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Ammonium Fluosilicate has been structurally analysed by X-rays 
I'jy R. M, Bozorth,®*^ and found also to resemble ammonium chloro- 
platinate, ammonium chlorostannate, and potassium chloro- 
stannatc, namely, in possessing the type of structure of fluorspar, 
the fluorine atoms of the latter being replaced by an ammonium 
group, and each calcium atom by a fluosHicate gi'oup, with the six 
fluorine atoms equidistant from the silicon atom in the direction 
of the crystal axis. The unit cube contains four molecules of 
(]S[H 4 ) 2 ,SiRe and the side measures 8*38 A.U. The sides of the other 
three compounds mentioned are respectively 9*84, 10*05, and 9*96 

A.u. 

Silver Molybdate has been examined by R. W. G. Wyckofl 
by both the X-ray spectrometric and the radiographic methods, 
and found to possess a structure like that of magnetite and the 
spinels, with eight molecules to the unit cube, which has a side of 

9*26 A.U. 

'X.-Eadiograms of Strained Crystals have been studied by A. F. 
Joffe and M. V. Kirpitcheva.^"^ In the case of rocksalt, gradually 
loaded by means of an electromagnet, when the limit of elasticity 
is passed the Laue spots elongate, and even before it is reached 
the spots elongate and break up into stratifications, increasing in 
number with the strain, due to different small crystals into which 
the crystal breaks up, each of the same structure as the original 
crystal. The molecules glide along the plane of the rhombic dodeca- 
hedron and also rotate. The method is suitable for determining 
the limit of elasticity, and the mode of destruction. A method 
is also described which gives on two photographs the strains in 
every dhection, and enables all the constants of elasticity to be 
determined from one small crystal. 

GrystallograjpTiic Chemical Investigations. 

The last two papers of the writer’s research on the hexahydrated 
double selenates were read to the Royal Society on March 14th 
last, and i)ublished shortly afterwards.®® They relate to the 
manganese and cadmium groups of double selenates. Sufficient 
was said in last year’s report (pages 231 to 234) concerning this 
prolonged investigation — ^which includes not only this large group 

S 

of monoclinic double salts, R 2 ^(®^ 04 ) 2 > 6 H 20 , but also the simple 

S 

rhombic normal sulphates and selenates of the alkalis, 

8® R. M. Bozorth, J. A.m&r. Chem. Soc., 1922, 44, 1066; A., ii, 499. 

»« R. W. G. WyckoS, ibid., 1994; A., ii, 765. 
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75 salts in all having been very fully dealt with — to render more 
than passing notice in this Keport superfluous. It will suffice to 
say that at the conclusion of the second (last) memoir, that on 
the cadmium group, six pages are devoted to a general review of 
the whole research, and are followed by a complete list (with refer- 
ences) of the separate memoirs, 26 in number, in which the results 
have from time to time been communicated, and of six others 
describing the new instruments devised for the work. The two 
main results which stand out are (1) the progression of the whole 
of the crystallographic and physical constants with the atomic 
number of the alkali metal, potassium, rubidium, or caesium, and 
(2) the iso-structure of the analogous rubidium and ammonium 
salts. But even the many minor results are proving of more than 
passing interest in the light of other contemporary research, especi- 
ally that concerning the structure of the atom and that brought 
about by the advent of X-ray crystal analysis ; and it is highly 
satisfactoiy that there is full agreement between all this that is 
fully substantiated and the writer’s results. A quotation of the 
last paragraph of the final paper will perhaps best express it. 

Thus it has come about, by the time that the author has com- 
pleted his crystallographic investigation of these important iso- 
morphous series, that a full explanation of the results is afforded 
by the immense amount of real knowledge that has been accumulated 
during the same time concerning the structure and nature of the 
chemical atom, and that revealed by means of X-rays, from which 
the law of atomic diameters has been derived. It is thus highly 
satisfactory that the work of Moseley, Sir J. J. Thomson, Langmuir, 
the Braggs and the author should so perfectly agree in giving us 
a wider and fuller understanding of the nature of crystals, and of 
the structure of the solid matter of which they are the organised 
expression, than could have been expected or anticipated at the 
time when the author’s researches on these isomorphous series were 
initiated.” 

The Dissociation Pressures of Hydrated Cupric Alkali Sulphates 
is the subject of an interesting paper by R. M, Oaven and J. Fer- 
guson The salts investigated were the copper group of double 
sulphates, R 2 S 04 ,CuS 04 , 6 H 20 , in which R is potassium, rubidium, 
caesium, ammonium, or thallium. The results agree with the writer’s 
conclusion in the research just referred to, that there is a clear 
increase in the electropositive character of the alkali metal in passing 
from potassium, thrpugh rubidium, to caesium. They are expressed 
in the curves reproduced in Fig. 11. They indicate that the water 
of crystallisation is held more firmly, the greater the electropositive- 

K. M. Caven and L Ferguson, fP,, 1022, 121, 1400, 
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ness of the alkali metal, and also that the heat evolved in the coin- 
binabion of the lower hydrate (with 2H2O) with water also increases 
as the electropositive character of the alkali metal advances in 

Fig. 11. 


0 Ascending temperature, x Descending ternperaturc. 



Temperature . 

Vapour Pressures of Copper Group of Double Sulphates. 


strength. Moreover, the affinity of the process shows very markedly 
the same, variation- The positions of thallium and ammonium 
relative to rubidium and caesium in the series of alkali metals, 
as determined by these experiments, accord with those assigned 
to them by the writer from observations of the morphological and 
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XDhysical properties of their salts. This practically verbatim 
quotation from the conclusions of Oaven and Ferguson forms a 
welcome confirmation from a new standpoint. 

A Grystallographic and Optical Study of some Inorganic Complex 
Salts has been made by Miss Isabel E, Knaggs.^® The first of the 
substances dealt with is potassium ferri-oxalate, [Fe( 02 ,O 4 ) 3 ]K 3 , 3 H 2 O, 
which crystallises with holohedral naonoclinic symmetry and has 
been already investigated by F. M. Jaeger, with whose data this 
new measurement agrees. The second substance is the analogous 
aluminium compound, in which aluminium replaces the iron, 
and which is shown to be truly isomorphous. A number of still 
more complicated compounds having cis- and trans- forms were 
investigated, and some rather surprising cases of apparent iso- 
morphism observed. 

At the meeting of the Mineralogical Society on November 7th, 
1922, Miss Khaggs also gave an account of the crystals of some 
interesting carbon compounds of the four types CX 4 , CX 3 Y, C ( 0 X 3 ) 4 , 
and C(CX 2 Y) 4 , where X and Y are other elements. Those of the 
first and third types, containing only one other element than carbon, 
appear to be usually cubic, while those of type 2 are trigonal or 
hexagonal, and those of tjTpe 4 tetragonal. The symmetry of the 
crystal thus resembles to a considerable extent that of the mole- 
cule, suggesting that there may be only one molecule in the crystal 
imit in these cases of more symmetrical molecules. It mil be highly 
interesting to have these cases investigated by means of X-rays, 
so as to ascertain whether this is really the case, especially in the 
light of Shearer’s rules. 

Physical-crystallographic Investigations, 

The Piezo-electricity of Rochelle Salt forms the subject of a paper 
by E. K, Scott.^^ Some large crystals, weighing 100 grams or more, 
were used, and the piezo-electric effect was very pronounced when 
they had received prolonged drying, first with alcohol and subse- 
quently at 40'’. Crystals showing hour-glass ” marking afforded 
the effect best of all, by the application of a twisting couple about 
the principal axis of the crystals. Potentials as high as 600 volts 
were developed. The crystals may be used for the reproduction 
and transmission of sounds. 

A New Optical Property of Biaxial Crystals has been observed by 
C. V. Paman and V. S. Tamma,^^ using a plate of aragonite out 
perpendicular to the acute bisectrix of the optic axial angle. 

^0 (Miss) Isabel El. KInaggs, T,, 1922, 121, 2069. 

E3. K, Scott, Trans, Raroday 1922, 17, 748; A,, ii, 609. 

^ C. V. Bamati and V. S. Tamma, Phil* Mag,^ 1922, Tvi], 4^* 510. 
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Although the object used is a plate bounded by parallel faces, 
it forms a real erect image, with unit magnification, of a pinhole 
or other small source or object, illuminated with monochromatic 
light. If white light be used, a spectrum is afforded. 

A luminous filament may be used instead of a pinhole, to vary the 
phenomena. The image is formed by light which travels through 
the crystal along an axis of single ray velocity. 

The Sizes of Atoms in Crystals. — ^The values given by W. T. 
Bragg for the diameters of the atoms of such elements as have yet 
entered into crystals examined by X-rays, from which he deduced 
his important law of atomic diameters, and which were quoted on 
page 229 of the last Report, have on the wholp been remarkably 
confirmed by work published during 1922. Thus R. N. Pease 
finds the following interatomic distances, the values of Bragg being 
given afterwards in brackets : in diamond 1*54 (1*54), in silicon 
2*30 (2*35), in grey tin 2*80 (2*80), in silicon carbide 1*92 (1*90), 
in zinc blende 2*41 (2*35), and in cuprous chloride 2*41 (2*43). 
Also an investigation of the viscosity of silicon hydride, SiH 4 , by 
A. O. Rankine and O. J. Smith has yielded further confirmation 
and sui)port. 


New Minerals. 

Quite a considerable number of new minerals have been announced 
during the year 1922, of which the following may be mentioned, 
including a rich find of radioactive minerals at Katanga in the 
Belgian Congo. 

Becquerelite, described by A. Schoep,^^ is a radioactive mineral 
occurring at Katanga as yellow crusts of small orthorhombic 
crystals on pitchblende. It contains 86*5 per cent, of CJO 3 , and is 
practically TJ 03 , 2 H 20 . 

Dewindtite^ also described by Schoep,^^ was also found at Katanga, 
and is a radioactive yellow powder of the composition 
4PbO,8UO3,3P2O5,12H20. 

Soddile^ also a radioactive mineral from Katanga described by 
the same author, occurs as orthorhombic crystal aggregates of the 
composition 12 U 03 , 5 Si 025 l 4 :H 20 . 

Stasite, found at Kasola, Katanga, again described by Schoep,^® 
has the same composition as dewindtite, the substance being di- 

K. Pease, J. Amer. Ch&m. Soc.^ 1922, 44, 769; A.^ ii, 428. 

A, O. Bankine and O. J. Smith, Proc. Physical JSoc.^ 1922, 34, 181; A.j ii, 

709 . 

A. Schoep, Compt. rend., 1922, 174, 1240; A., ii, 450. 

Idem, ibid., 023; A., ii, 305. 

Idem, ibid., 1060; A., ii, 451. 

Idem, ibid., 875 ; A., ii, 386. 
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morphoHS. It occurs as golden-yellow, fiat prisms, and also differs 
in density from dewindtite, as well as in crystal form and in colour. 

Oeruleofibrite, described by E. F. Holden,^® is a basic chloro- 
arsenate of copper, CuCl2,i^Cu3As2Os,60u(OH)2, which was found as 
radiating tufts of bright blue fibres, orthorhombic needles, on cuprite 
from Arizona. 

Gillespite, described by W. T. Schaller, was found in an Alaskan 
moraine as scaly masses, and appears to have the composition 
Fe'^BaSi 40 io. 

SincositBy also described by Schaller,^^ is a hydrous calcium 
vanadyl phosphate, Ca0,V204,P205,5H20, from Sincos, Peru. 
It forms uniaxial plates belonging to the uranite group. 

MelanovanaditCy described by W. Lindgren, L. F. Hamilton, 
and C. Palache,^^ occurs as bunches of black, monoclinic needles 
on a black shale from Minasragra, Cerro de Pasco, and has the 
composition 20aO,3V2O5,2V2O4. 

TTiorveitite is a silicate of scandium found at Ssetersdalen, Norway, 
in large, greyish-green, monoclinic prismatic crystals resembling 
epidote. It appears to be (Sc,Y)2Si207, analogous to thalonitc. 
It was discovered and described by J. Schetelig.^^ 

New Boohs and Editions. 

Prof. F. Pinne (Leipzig) has produced during 1922 new editions 
of his two books ‘‘ Das feinbauliche Wesen der Materie nach dom 
Vorbilde der Elristalle,” published by Gebriider Borntraeger, 
Berlin, and Kxistallographische Formenlehre und Anleitung zu 
kristallographisch-optischen rontgenographischen Untersuohungen,” 
published by Max Janecke, Leipzig. The former contains excellent 
portraits of von Groth, Haiiy, Schoenflies, Fedorov, Tschermak, 
von Lane, Debye, Scherrer, Sir W. H. Bragg, and W. L. Bragg. It 
is full of illustrations and diagrams of an original character, including 
many of Prof. Rinne's own X-radiograms of crystals. It regards 
the whole achievement of X-ray analysis as having revealed the true 
nature of the fine structure of solid matter. The second and later 
book is also very original inasmuch as it gives a readable account 
of crystal phenomena and ordinary elementary Crystallography 
from the aspect of one steeped in the later X-ray analytical work. 

In July there was published by Thomas Murby & Co. a book 
of 152 pages by Mr. T. V. Barker, Lecturer in Chemical Crystallo- 

E. P. Holden, Amer. Min.y 1922, 7 , 80; A., ii, 51G. 

W. T. Schaller, J. Washington Acad. Sci.y 1922, 12, 7. 

Idem, ihid.y 12, 195; A.y ii, 450. 

5® W. Lindgren, L. P. Hamilton, and C. Palache, Amcr. J. Sci.y 1922, [v], 
3, 195; A., ii, 305. 

5® J. Schetelig, GeoL Tidsskr.y 1922, 6, 233; A.y ii, 306. 
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graphy at Oxford, on Graphical and Tabular Methods in CrystaUo- 
graphy.’’ In it are described the methods of crystallographic 
practice which Mr. Barker has made his own, largely following the 
methods of V. Goldschmidt and Fedorov, especially those involving 
rapidity of work and concise expression. It is a most valuable 
compendium of the more recent and useful graphical methods. 

A so-called third ’’ edition by W. E. Ford of Dunam’s Text 
Book of Mineralogy, ’’ with an extended treatise on crystallography 
and physical mineralogy, has been published in New York. It 
forms a rejuvenated, very much enlarged, and fairly up-to-date 
revision of the great text book of 1877, the total issues of which 
in its many editions and re-issues are estimated to have reached 
27,000. 

The second edition of the writer’s “ Crystallography and Practical 
Crystal Measurement ” was published by Messrs. Macmillan and 
Co. in March, in two volumes of 760 and 686 pages respectively, 
the first edition having been comprised in one volume of 946 pages. 
Each volume is in two parts, the total of 60 chapters being thus 
divided into four parts. These are : Part I, Crystal Form and 
Goniometry ; Part II, Crystal Structure and its X-Ray Analysis ; 
Part III, Crystal Optics and Microscopy; and Part IV, Crystal 
Chemistry, Deformational Physics and its Interferometry. 

A ninth List of new Mineral Names, by Dr. L. J. Spencer, was 
issued in 30 pages with the September number of the Mineralogical 
Magazine, A concise description is given of each of the minerals 
included. Mineralogists and crystallographers are again indebted 
to Dr. Spencer not only for this further most useful, long list, 
but, with some assistance from collaborators, for the Mineralogical 
Abstracts, which are now regularly issued by the Mineralogical 
Society, with the Mineralogical Magazine. Volume I of these 
Abstracts, just completed, contains no fewer than 1254 abstracts, 
extending from the year 1915 to 1922. In spite of the considerable 
cost entailed by their publication, it is very satisfactory that the 
Society has decided to continue this most valuable addition to the 
magazine. 


Concluding Remarks. 

In concluding this epitome of the crystallographic and mineralo- 
gical work of the year 1922, mention should be made of the highly 
interesting special number of Die Naturwissensohaften ” entitled 
'' Zehn Jahre Laue-Diagramm,” which was issued in April, contain- 
ing eight articles by authors who have contributed to the subject 
of the X-ray analysis of crystals since its inception by Dr. M. von 
Laua in the year 1912. They include Prof, von Dane’s collaborators 
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in the first discovery, Drs. Friedrich and Knipping. The former 
gives a most interesting account of the circumstances of the original 
discovery, in the midst of the remarkable coterie of experts at that 
time in Munich, which included Hontgen, von Groth, Ewald, 
Sommerfeld, and Lane. The origin appears to have been a discus- 
sion between Laue and Ewald as to how the minuter electromagnetic 
waves would behave with gratings of a similar small order of dimen- 
sions, and an enthi-alling description is given of the excitement 
among the whole scientific circle at Munich when the experiment 
was tried by Friedrich and, after a preliminary failure owing to 
not having hit ofi the right conditions, so admirably succeeded, 
and the difiraction or refiection of X-rays by the planes of atoms 
in crystals became an accomplished fact. Indeed, the excitement 
was still high when, that same summer, both Fedorov and the writer 
visited von Groth at Munich, and were shown the first X-radiograms 
of zinc blende. 

This Report is but a very inadequate attempt to do j ustice to the 
amount of valuable research w'^hich has been carried out during the 
year 1922. But sufficient will doubtless have been written to show 
that the tenth anniversary of the inauguration of this new weapon 
of research, and the centenary of Pasteur, the discoverer of the 
true nature of tartaric acid and of the meaning of its optical activity, 
is marked by a richness of result that the discoverers in the years 
1912 and 1848 respectively could never have foreseen, still less have 
anticipated ; and that the promise of a still richer harvest yet to be 
gleaned by the earnest workers of the future is so bright and alluring 
as to afford the highest encouragement to those who are making 
this branch of natural knowledge their special domain. 

A. E. H. Tcjttok. 
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Introduction. 

UiSTDEK, tlie title Sub -atomic Phenomena and Badioactivity are 
included in a broad sense all phenomena directly associated with 
the central nuclei of atoms, as opposed to the so-called chemical 
phenomena which we now know to be connected with the beha^our 
of the planetary electrons occupying the outer domains of these 
atoms. This Beport will therefore be concerned with the masses 
of individual atoms determined by physical means, the isotopic 
constitxition of the chemical elements, and their spectra, in so far 
as these are affected by isotopy. It will also deal with work on 
the constitution of the nuclei themselves and the manner in which 
they may bo disintegrated artificially. All phenomena connected 
with the spontaneous disintegration of the more complicated 
nuclei are, of course, included in radioactivity, 

X)uring the past two years advances have been made in all these 
branches and some valuable steps taken towards elucidating the 
structure of the nucleus itself. Among the more important of 
these should be mentioned the studies on artificial disintegration 
and other phenomena of nuclear collision made by Butherford and 
his colleagues, and the application of the quantum theory to explain 
the relation between p-rays and the y-rays which produce them, 
by Ellis and others. Progress in this direction is also promised 
by the discovery of divergences from the whole-number rule, but 
the accuracy of comparison of atomic masses will have to be 
advanced considerably beyond that at present available before much 
information will be obtainable from this line of attack. 

The Isotopic Constitution of the Elements. 

The work in this field during 1921 has been already summarised 
in the Bex^ort for that year.^ During 1922, several more elements 
have been successfully investigated and other additional results 
obtained. Dempster has applied his method of positive ray 
analysis to calcium and zinc, and the composition of five more 
elements has been determined by means of the mass-spectrograph. 
The theory of the latter instrument has been satisfactorily worked 

* This Beport covers the years 1921 and. 1922. 

1 Ann. Mep,, 1921, 18, 34—35. 
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out mathematically ^ and a notable advance in its technique has 
been made by the use of specially treated j)hotographic plates. 
These results are summarised below. 

Aluminium , — Results obtained by the mass-spectrograph when 
pure chlorine was present in the discharge tube and had reacted 
with the aluminium electrodes leave very little doubt as to the 
constitution of this metal. Aluminium may be regarded as a 
simple element of atomic weight 27, as its chemical atomic weight 
woxild lead us to suspect.^ 

Calcium , — By the treatment of this metal in the same way as 
magnesium ^ Dempster ^ has been able to show that calcium has 
a principal isotope 40 with a weaker component 44. 

GMorine. — It is now reasoziably certain that this element does 
not contain any appreciable quantity of an isotope 39.^ 

IronJ — This element has been investigated by means of its 
volatile pentacarbonyl. Its mass-spectrum is characterised by a 
strong line at 56 and possibly a very faint one at 54. The measure- 
ments on the former indicate a value slightly less than a whole 
number^ but the divergence is within the experimental error. 

Zinc , — ^This metal was analysed by Dempster at the same time 
as calcium. The results indicate that it consists of four isotopes 
the masses of which, by comparison with the calcium line 40, are 
given as 64, 66, 68, and 70, The first appears the strongest com- 
ponent and the last is very feeble. 

Selenium ,^ — The mass-spectra of selenium were obtained by a 
special device by which the element itself was vaporised in the 
discharge tube. The results were very definite and show that it 
consists of six isotopes 74, 76, 77, 78, 80, 82. Isotope 74 is only 
present in minute proportion. No divergence from the wli ole- 
number rule could be detected. 

Tin ,^ — ^By the use of its volatile methide, this element has been 
shown to consist of seven, or possibly eight, isotopes, as given in 
the following table. Measurement of their masses indicates that> 
although their differences arc integral to the highest accuracy, the 
masses themselves tend to be 2 to 3 parts in 1000 less than whole 
numbers on the oxygen scale. This is the first definite divergence 
observed since that of hydrogen, and it cannot be attributed to 
experimental error in measurement on the following account. The 

^ F. W. Aston and K. H. Fowler, Phil, Mag.^ 1922, [vil, 43, 514; A,, ii, 241. 

» F. W. Aston, Nature, 1922, 110 , 664; A,, ii, 844. 

* A., 1921, ii, 402. 

s Physical Rev,, 1922, 20, 631. 

« F. W. Aston, Nature, 1922, 110 , 664; A,, ii, 844. 

’ Idem, ibid,, 312; A., ii, 710. « Idem, ibid,, 664; A,, ii, 844. 

» Idem, ibid,, 109 , 813; A„ ii, 650. 
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lines of xenon were present on the plate, hence the line 135 due to 
gniaoQHg should have appeared exactly half-way between the two 
strong xenon lines 134 and 136. It was actually unmistakably 
nearer the former. Whether this large divergence, which is about 
0*3 in atomic weight, represents the accumulated divergence of 
both elements, cannot be settled, although it is most probable that 
tin diverges more from a whole number than xenon. In any case, 
it is remarkable that it should occur in two elements so near in 
atomic number as tin and xenon. 

A.ntirnony mass-spectrum of antimony consists of two 
strong lines, 121, 123, the former being slightly the more intense. 
Very faint lines also appear at 122, 124, but these are ascribed to 
hydrides. The masses of the two isotopes of antimony are probably 
slightly less than whole numbers. The results show that the old 
value for the atomic weight, 120-2, is definitely wrong, but they 
are in good agreement with the value recently obtained by Willard 
and Me Alpine. 

Xenon . — The mean atomic weight of this element estimated from 
its mass-spectrum is distinctly higher than the accepted value 
obtained from the density by Moore.^^ In order to ascertain 
whether the discrepancy could be put down to the presence of 
krypton as an impurity, a sample of the actual gas used in the 
density determinations was analysed by means of the mass- 
spectrograph. The results showed no appreciable presence of 
krypton, so that the difference remains unexplained. The two 
doubtful isotopes, 128, 130, have been confirmed, and two extremely 
faint probable additional ones have been detected at 124, 126.^^ 

From the table of results on p. 270, some interesting statistical 
relations are at once apparent. In the nucleus of the atom there 
is never less than one electron to every two protons ; in other 
words, the atomic weight of the lightest isotope of an element 
cannot be less than twice its atomic number, except in the case of 
hydrogen. The excess of the atomic weight over twice the atomic 
number has been called the isotopic number by Harkins. The 
number of isotopes of any one element shows definite limits and 
tends to increase with atomic number. It is also greater for ele- 
ments of even than for those of odd atomic number ; in the latter 
case, it is never greater than two. The number of electrons in 
the nucleus tends to be even, that is, in the majority of cases even 
atomic number is associated with even atomic weight and odd 

F. W, Aston, Nature, 1922, 110 , 732; A., 1923, ii, 32. 

11- “ Isotopes,” p. 114. 

12 p. W. Aston, Nature, 1922, 109 , 813; A,, ii, 050. 

18 Idem, ibid., 110 , 064; A-, ii, 844. 
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Table of Elements and Isotopes. 


Element. 

Atomic 

number. 

Atomic 

weight. 

Minimum 
number of 
isotopes. 

Masses of isotopes in 
order of intensity. 

H 

1 

1-008 

1 

1*008 

He 

2 

3*99 

1 

4 

Li 

3 

G-94 

2 

7, G 

G1 

4 

9*1 

1 

9 

B 

0 

10*9 

2 

11, 10 

C 

6 

12-00 

1 

12 

K 

7 

14*01 

1 

14 

o 

8 

16*00 

1 

16 

F 

9 

19*00 

1 

19 

Ko 

10 

20-20 

2 

20, 22 

Na 

11 

23*00 

1 

23 

Mg 

12 

24-32 

3 

24, 25, 26 

Af 

13 

26*96 

1 

27 

Si 

14 

28*3 

2 

28, 29, (30) 

P 

15 

31*04 

1 

31 

S 

16 

32*06 

1 

32 

Cl 

17 

35-46 

2 

35, 37 

A 

18 

39*88 

2 

40, 36 

K 

19 

39*10 

2 

39, 41 

Ca 

20 

40*07 

(2) 

40, 44 

Fe 

26 

55*84 

(1) 

56, (54) ? 

Ni 

28 

58*68 

2 

58, 60 

Zn 

30 

65*37 

(4) 

64, 66, 68, 70 

As 

33 

74*96 

1 

75 

Se 

34 

79*2 

C 

80, 78, 76, 82, 77, 74 

Br 

35 

79*92 

2 

79, 81 

Kr 

36 

82*92 

6 

84, 86, 82, 83, 80, 78 

Bb 

37 

85*45 

2 

85, 87 

Sn 

50 

118*7 

7 (8) 

120, 118, 116, 124, 110, 

Sb 

51 

121*77 

2 

117, 122, (121) 

121, 123 

I 

53 

126*92 

1 

127 

X 

54 

130*2 

7 (9) 

129, 132, 131, 134, 136, 

Os 

55 

132*81 

1 

128, 130, (126), (124) 
133 

Hg 

80 

200*6 

(0) 

(197 — 200). 202, 204 


(ISTumbers 

in brackets are provisional only.) 


with odd. If we plot the first 40 natural numbers and show those 
occupied by known elements as in the figure, a curious relation 
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may be noticed, namely, that the simple recurring series 2, 3, 6, 

8 , of which each term is the sum of the two previous terms, 

is in every case, up to 34, represented by a gap. This relation may 
break down at the next term, if manganese has an isotope 66, but 
this is not yet known. 

Isoba/res. — ^Thes© are substances having the same atomic weight 
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but different chemical properties. They have been well known 
for some years among the radioactive elements, but among the 
non-radioactive ones, although it was perfectly certain they must 
exist, none was actually observed until Dempster showed that the 
principal isotope of calcium had an atomic weight 40 and so was 
isobaric with the principal isotope of argon. Since then, the 
seleniums 78, 80, 82 have been found isobaric with Icryptons, and 
one tin 124 with a probable xenon. If we disregard the doubtful 
isobaric pair Sb, Sn 121, every pair has for one of its members an 
inert gas, and all the isobares (including the radioactive ones) 
have atomic weights which are even numbers. 

Periodic Systems of Elements and Isotopes. 

Many new periodic systems of the elements have been put for- 
ward by Bourgerel,^* Oddo,^® Partington, Edrehhof,^’ Masson, i® 
Broek,^® Kohlweiler,®® and others. Some of these are worked out 
theoretically on some physical basis, for example, the purely spec- 
ulative idea that all elements are the results of radioactive dis- 
integrations. Others are convenient schemes of representing the 
numerical values obtained by experiment in such a way as to 
bring out certain interesting points. The most complete scheme 
of this kind is that of Harkins, which has been elaborated by him 
in numerous publications to which the reader is referred. In a 
valuable table given in one of his most recent papers is to be 
found a remarkably complete summary of the facts and reasonable 
speculations in this field. In this diagram, against their atomic 
numbers, are plotted the “ isotopic numbers ” of all atomic species 
known and probable. They lie in a band of roughly parabolic 
curvature which widens as it gets further from the origin. The 
probable constitutions of elements, not experimentally analysed 
at the time the scheme was drawn up, are admittedly speculative 
and dependent on the trustworthiness of the chemical atomic 
weight determinations. The accuracy of the predictions in the 
cases of selenium and antimony is very striking at first sight, and 
shows how much can be done by the judicious use of general and 
statistical relations such as those given in the previous paragraph. 

“ Mon. Sci., 1920, 10, 241; A., 1921, ii, 102. 

Gazzetta, 1920, 50, 213 ; A., 1921, ii, 102. 

Oh&m. News, 1920, 121, 304; A., 1921, ii, 103. 

Phyailcal. Z., 1920, 21, 711; A., 1921, ii, 103. 

18 PUl. Mag., 1921, [vi], 41, 281 ; A., 1921, ii, 191. 

i» Phyaikal. Z., 1921, 22, 164; A., 1921, ii, 296. 

“ Ibid., 243; A„ 1921, ii, 689. 

81 A., 1921, ii, 446, 683, 690 ; 1922, ii, 490, 702. 

88 "W. D. Harkins, J. Franklin Inst., 1922, 194, 646. 
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The Constancy of Chemical Atomic Weight and the Relation of the 
Latter to the Mean Weight deduced from the Results of the Mass- 
spectrograph. 

As soon as the isotopic nature of some common and widely dis- 
tributed elements had been definitely proved, it became of interest 
to determine with the greatest care the atomic weights of such 
complex elements from sources as widely distributed as possible. 
Differences might be expected from two causes ; either the process 
of origin of the element might be different at different points of 
the earth’s surface, yielding isotopes in different proportions, or 
elements of the same original constitution might have their mean 
weight changed by some natural process which tended to bring 
about partial separation of the constituent isotopes. Several 
pieces of work have been performed with a view to test this point. 
Baxter and Parsons compared the atomic weight of nickel from 
meteorites with that of ordinary terrestrial nickel, but no difference 
was found beyond that expected from experimental error. (Mile) 
Curie has compared the atomic weight of chlorine from sevei’al 
minerals with that of chlorine from sea-water. In the case of 
two, the marine origin of which was in the highest degree unlikely, 
no difference was found. Chlorine prepared from a sample of 
sodium chloride obtained from a desert region in Central Africa 
gave a value slightly above normal,^^ Chlorine from an ancient 
mineral, apatite, from Balme has also been investigated ; no 
difference from normal chlorine could be detected. Taking into 
consideration the age and origin of the mineral, it may be con- 
cluded that the chlorine at the time of the formation of the minerals 
of the primary magma contained the two isotopes in the same 
proportion as it does to-day, or that the two isotopes were then 
formed in constant proportions. 

Boron is an element well suited for this test, for its isotopes differ 
by 10 per cent, in mass and are both present in considerable propor- 
tion. Monro has compared the atomic ‘ weight of boron from 
some New Zealand minerals with that of the element obtained from 
pure sodium borate; here again no difference could be detected. 
Finally, Bronsted and Hevesy measured the density of mercury 
from minerals of different origin and found no divergence higher 
than that corresponding with a difference in atomic weight of 
0 ' 0004 :-™ 0 * 0012 . 

23 J, Am&r. Chem. JSoc., 1921, 43, 507; A., 1921, ii, 338. 

24 Mile Irene Curie, Compt. rend., 1921, 172 , 1025; A,, 1921, ii, 396* 

23 Mile Fllen Gleditsch and B. Samdabl, ibid., 1922, 174 , 746; A., ii, 281. 

23 T., 1922, 121 , 986. 

27 ISTature, 1922, 109 , 813; A., ii, 645. 
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The accumulation of negative evidence of this kind is very 
impressive, and supports the idea, already put forward, that the 
evolution of the elements (apart from those produced by radio- 
active disintegration) must have been such as to lead to a pro- 
portionality of isotopes of the same element which was constant 
from the start, and since we know of no natural process of separation, 
has remained constant ever since. 

Although no accurate determinations of the relative intensity 
of mass-spectrum lines has yet been carried out, their relative 
totrengths can be approximately estimated. Hence the mean 
atomic weight of a complex element can be deduced in some cases 
with considerable accuracy, and therefore provides a valuable 
check on the figure obtained by the ordinary chemical methods. 
In most cases, the agreement has been good, but in a few the dis- 
crepancy is considerable.^® It is satisfactory to note that during 
the past year redeterminations^ of the chemical atomic weights 
have removed the discrepancy in several cases. Thus the revision 
of the atomic weight of boron by two independent determinations 
gives 10*83 and 10*82, respectively, figures agreeing much better 
with that estimated from the mass-spectrum, 10*75 ± 0*07, than 
did the previous values, 11*0 and 10*90. Again, positive ray 
results indicate that glucinum is a simple element, whereas the 
old value for the atomic weight, 9*1, differs so far from a whole 
number as virtually to deny this possibility. This discrepancy 
has now been removed by the redetermination of the chemical 
atomic weight by Honigsehmid and Birckenbach,®^ who obtain 
a value 9*018. The cases of antimony and xenon have already 
been alluded to, that of krypton is still unexplained. 

Atomic Volume of Isotopes. — Soddy^^ has compared the values 
obtained for the density and atomic weight of ordinary lead,' lead 
from thorite, and lead from uranium minerals. He concludes that 
the atomic volumes cannot diifer by so much as three parts in 
ten thousand and the atomic diameters by so much as one part 
in ten thousand. 

The Spectra of Isotopes. 

Series Spectra . — Merton has repeated his experiments on the 
isotopes shift of the line X 4058 of lead and extended his measure- 

See F. W. Aston, ‘‘ Isotopes (Arnold, 1922), p. 114. 

G. P. Baxter and A. F. Scott, Bcience^ 1921, 54 , 524; A., n, 285; O. 
HCnigschmid and L. Birckenbach, Anal. Fis. Quim., 1922, 20 , 167 ; A., ii, 64L 

30 G. F. Thomson, FMl. Mag., 1921, [vi], 42 , 857; A., 1921, ii, 675. 

31 Ber., 1922, 55 , [B], 4; A., ii, 214. 

33 Nature, 1921, 107 , 41 ; A., 1921, ii, 698. 

33 Ann. Bep., 1920, 17, 224, 
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merits to other lines. Using a very pure sample of uranium lead 
from Australian oarnotite, he obtained the results indicated in 
the foUoiving table ; 


A 

r A(Camotite lead)"l 

L. — A(ordmary lead) J 

r Wave number (ordinary lead) ' 
[_ — Wave-number (camotite lead) 

4058 

0*011 ± 0*0008 

0-065 ± 0-005 

3740 

0*0074 ± 0*0011 

0-053 ± 0-008 

3684 

0*0048 ± 0*0007 

0-035 ± 0-005 

3640 

0*0070 ± 0*0003 

0-052 ± 0-002 

3573 

0*0048 ± 0*0005 

0-037 ± 0-004 


It will be noticed that the shift for the line X 4058 is rather 
more than twice that obtained before. Merton suggests that the 
most probable explanation of this difference is that the carnotitc 
lead used was a purer sample of uranium lead than that obtained 
from the pitchblende residues. It is also apparent that the differ- 
ences are not the same for different fines, an interesting and somewhat 
surprising result. 

McLennan and Ainslie have subjected the light from a strong 
lithium arc to the highest resolution and find that the line X 6708 
consists of a close quartet with separations of 0*128 A., 0*173 A., 
and 0*165 A. He suggests that these are the doublets of the isotopes 
of lithium, Li® and Li*^, although the intensity relations between 
them are by no means in accordance with this view unless a new 
theory is adopted. He proposes that, from these displacements 
and the displacements in the case of lead, the isotope displacements 
can be very closely obtained by multiplying the displacement 
calculable on the Bohr theory by the atomic number of the respec- 
tive elements. In a later paper on the absorption of X 5460*97 
by luminous mercury vapour, he describes satellites which he 
considers are due to the isotopes of mercury and quotes displace- 
ments agreeing with the empirical rule given above, but here again 
the intensity relations are not satisfactory. Merton, recently 
commenting on these results, points out that the measurements of 
the enhanced lines of helium agree perfectly with the Bohr theory, 
and therefore definitely contradict McLennan’s rule connecting 
atomic number with displacement. He also raises several exceed- 
ingly strong arguments against the possibility of the lithium 
doublets being in any way coimected with the isotopic constitution 
of that element. 

The difference between series spectra of isotopes is discussed gener- 

jPn?c. Boy. Soc., 1921, [.4], 100, 84; A., 1921, ii, 611. 

Ibid., 1922, lAl 101, 342; A., Ii, 541. 

X C. MoLexman, I). S. Ainslie, and (Miss) F, M, Gale, Froc^ Moy* 

1922, [A], 102, 33; A., ii, 7281 

Nature, 1922, 110, 632; A., ii, 803. 
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ally by Ehrenfest^^s Bohr,39 and Nicholson.^® Ehrenfest maintains 
that the ordinary Bohr formula, + m + m, 

where and m are respectively the masses of the nuclei 

of the isotopes, and of the electron, and and the frequencies 
of the corresponding lines, cannot be true in general. Bohr ad- 
mits that the eSect of the mass of the nucleus on the spectrum 
of an atom containing more than one electron is a complex 
problem ; not only may the mass effect disappear completely, but 
also may be different from that calculated for an atom with one 
electron. Nicholson points out that the large separation observed 
by McLennan in lithium cannot be explained by the quantum 
theory, and suggests that the new series may be a combination 
scries or a spark series. 

Band Spectra . — The wave-lengths of the higher members of the 
band spectrum of uranium lead and ordinary lead have been com- 
pared by Grebe and Konen.^^ The chosen wave-lengths lie between 
4257*690 and 4281*458 A.U. Measurements of eighteen lines 
show that the wave-length of the line corresponding with uranium 
lead is on the average 0*055 A.U. shorter than that for ordinary 
lead. This figure agrees so far as its order is concerned with the 
assumption that the diatomic molecules are the carriers of the 
band spectrum. 

Infra-red Spectra . — The extreme smallness of the isotope shift 
expected in the spectra discussed above is due to the fact that 
one unit of the vibrating system is the electron itself, the mass of 
which is extremely small compared with that of the other unit, 
the nucleus. Very much larger effects are to be expected where 
two nuclei are concerned. Loomis shows that the doubling of 
the absorption bands in the infra-red spectrum of hydrogen chloride, 
first observed by Imes, can be explained on this view and gives a 
very satisfactory confirmation of the isotopic nature of chlorine. 
The frequencies of the do ublets due to iso topes should be approxi- 
mately proportional to ^{rrix + "^here mx is the mass 

of the hydrogen nucleus and the mass of the charged halogen 
atom; hence the band lines should differ by 1/1330. The average 
interval measured was 14 A.U. or 4*5 wave numbers, which agrees 
with the calculated value of 4*3 wave numbers. Hydrogen fluoride 
does not show this effect, and in the case of hydrogen bromide the 
computed separations are too small, to be observed as yet. 

38 Nature, 1922, 109, 745; A., ii, 598. 

39 lUd., 746; A., ii, 598. 

48 Ibid., 1922, no, 37; A,, ii, 599. 

41 Fhysihal. Z., 1921, 22, 546; A., ii 4. 

42 Astrophys. J., 1920, 52, 248. 
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Separation of Isotopes, 

Much work on the artificial separation of isotopes has been 
performed during the past two years, but nevertheless success has 
only been achieved in the case of two elements, mercury and 
chlorine. The work of Bronsted and Hevesy on the former is 
particularly convincing both on account of the beauty and sim- 
plicity of the method used and the remarkable fidelity with which 
the results follow the theory, also fortunately simple. They found 
that if mercury is distilled at so low a pressure that molecules 
escaping from the surface of the liquid never return, and if at the 
same time the rate of distillation is kept down to a point at which 
the mixing of the liquid by self-diffusion is practically perfect, then 
the molecules of the different isotopes distil at rates inversely 
proportional to the square roots of their masses. In consequence, 
the lighter isotopes tend to increase in the first fractions and the 
heavier ones in the last residues of the distillation process. In 
their final work, 2700 c.c. of mercury were fractionated system- 
atically to about 1 /lOOjOOO of the original volume in each direction. 
The density of the original mercury being taken as unity, the lighter 
fraction ‘(0*2 c.c.) had a density 0*99974, and the heavier (0'3 c.c.) 
1*00023. This corresponds with a difference of 0*1 of a unit in 
atomic weight. Using the same method with a solution of hydro- 
chloric acid, they were later able to obtain evidence of a separation 
corresponding with 0*024 of a unit in the atomic weight of chlorine.^^ 
Egerton announces a partial separation of the isotopes of zinc 
by the same method. 

A change of about 0*05 of a unit has been achieved by Harkins 
and Anson Hayes,^*^ who used a method of diffusion through pipe- 
clay similar to that originally used in the separation of the isotopes 
of neon.^® The system' of diffusion was elaborate, large quantities 
of material were employed, and the experiments occupied a long 
period. In this and in a later communication,^^ the theory of the 
resolution of isotopic mixtures by diffusion is discussed at some 
length and it is suggested that slight separation of isotopes occurs 
during ordinary distillation under reduced pressure. Mul liken 
gives a very complete theory of the separation of isotopes by thermal 

Z, physikaL Chem,, 1921, 99, 189; PhiL Mag,, 1922, [vij, 43, 31; A,, ii, 

140. 

Nature, 1921, 107, 619; A., ii, 280. 

45 lUd., 1922, 110, 773; A,, 1923, ii, 28. 
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diffusion and by centrifuging, and shows that the latter method is 
likely to be of more value in the case of isotopes of high atomic 
weight. A special method, named evaporative centrifuging, is 
proposed whereby gas condensed in the periphery of the centrifuge 
at high speed would be allowed to evajDorate very slowly, the light 
fractions being drawn off very gradually at low pressure from the 
centre of the apparatus. It is suggested that this method ought 
to yield a separation ten to fifteen times as great in one operation 
as would diffusion or evaporation. He also discusses the possi- 
bility of separating liquid isotopes by centrifuging, a method which 
has been considered by Poole. An attempt to test this theory 
in the case of mercury proved unsuccessful, and its failure is 
attributed to slight vibration of the centrifuge. 

Kohlweiler still maintains the opinion that he has separated 
the isotopes of iodine, although the existence of these is contrary 
to the direct evidence of the mass-spectrograph. He ascribes his 
results to isotopes present in too small quantities to be detected by 
that apparatus. If this is the case, it is very difficult to understand 
how it could be possible to obtain the relatively enormous shift — 
0*88 of a unit — claimed, by any diffusion method. 

Perhaps the most surprising report is that from Dubhn claiming 
the separation of lead isotopes by chemical means. Lead chloride 
was prepared from a mixture of ordinary lead and thorium lead, 
and the reaction represented by the equation 2PbCl2 + 4MgRX = 
R^Pb + ^MgCl 2 + 2MgX2 + Pb carried out. The lead tetraethyl 
and metallic lead constitute the fractions which are used separately 
in a repetition of the process. By two repetitions a separation 
indicated by relative atomic weights 207*1 and 207*4 is claimed. 
This result will need very strong confirmation before it is generally 
accepted, for the method is founded on an observation of Hoffmann 
and Wolf in 1907 that a large separation of lead from radium-D 
could be effected by a single reaction with magnesium phenyl 
bromide. This statement was in direct contradiction to all the 
work of the most careful experimenters at that date, it has never 
been confirmed since, and is regarded by the most competent 
authorities in radioactivity to-day as probably erroneous. 

Other possible methods of separation have been put forward. 
Skaupy suggests that the differential effect of electronic impacts 

PML Mag., 1921, [vi], 41, 818; A., 1921, ii, 403. 

Z. phy&ikal. 1922, 101, 218; A., ii, 497. 

ijg Dillon, R, Clarke, and V. M. Hinchy, Sci. JProc. JRoyal Dublin Soc., 
1922; 17 , 53; A., ii, 710. 

Ber., 1907, 40, 2425. 

Z. Fhysik, 1920, 2, 213; A., 1921, ii, 154. 



278 AISTNUAI. B^POUTS ON THE PBOaBESS OP CHEMISTRY. 

in an electric discharge would give a separation of isotopes of the 
rare gases. Ludlam describes experiments carried out to test a 
method of separation of the isotopes of chlorine based on a sugges- 
tion made by Sir J. J. Thomson that the number of impacts .par 
second of the molecules of a gas on a surface will be in the inverse 
sq^uare root of their mass. Hydi’ogen chloride at a pressure of a 
few centimetres of mercury was passed over (a) a water surface, 
and (6) ammonia gas, and a small fraction allowed to remain un- 
combined. No change in molecular weight was observed after 
either process. An ingenious photochemical process has also 
been investigated.^*^ If chlorine consists essentially of a mixture 
of three parts of CP® and one part of CP*^, the molecules should 
be present in the proportions CP ®2 • CP^CP*^ : CP '^2 = 9 : 6 ; 1. If light 
which has passed through a column of such chlorine enters a mixture 
of chlorine and hydrogen, the initial reaction should use up the 
three types of molecules in the proportions 1 : 10^ : 10^^, and the 
hydrogen chloride formed should be almost entirely HCP*^. The 
experimental results, however, of applying this method were entii'ely 
negative. 

In conclusion, it may be pointed out that the actual numerical 
results achieved by lengthy and laborious operations in the few 
successful attempts indicate very clearly that unless some entirely 
new means of attack is devised no serious practical disturbance of 
the constants of chemical combination need be anticipated in the 
immediate future. 

Artificial Disintegration of the Lighter Elements by the Collision of 

Swift ol-F articles. 

The remarkable results in this field obtained by Rutherford and 
Chadwick during the year 1921 have already been reported,®® 
and a complete account of their work up to February 1922 will 
be found in Sir Ernest Rutherford's lecture before the Chemical 
Society.®® In a more recent publication,®® these results have been 
confirmed and extended. The nature of the particles ejected from 
the various elements during the bombardment by swift oc-particles 
has been directly investigated by measuring their deflexions in a 
magnetic field. The results show that in the cases of aluminium, 
phosphorus, and fiuorine the particle ejected is a single positively 

Proc. Oamh. PhiL Soc.^ 1922, 21, 45; A,, ii, 497. 
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charged hydrogen nucleus, which is now regarded as being identical 
with the ultimate atom of positive electricity or proton. The same 
is also probably true of boron and sodium. The ranges of the 
protons ejected, in the forward and backward directions, from 
nitrogen, aluminium, boron, fluorine, sodium, and phosphorus have 
been more accurately determined. In all cases, the protons were 
ejected in all directions, and the maximum range in the backward 
direction was less than in the forward direction. The maximum 
ranges, in cm. of air, of the ejected protons, in the forward and 
backward directions, respectively, were found to be : boron, 58 
and 38 ; nitrogen, 40 and 18 ; fluorine, 65 and 48 ; sodium, 58 and 
36; aluminium, 90 and 67; and phosphorus, 65 and 49. Only in 
the case of nitrogen was the maximum range in the backward 
direction much less than that of the protons produced by the 
bombardment of hydrogen itself. No protons of range greater 
than 30 cm. of air, in a forward direction, were ejected from either 
lithium or glucinum, and there is no evidence of the ejection of 
long-range protons from magnesium, silicon, or chlorine. It is a 
very remarkable thing that of the series of elements from hydrogen 
to potassium so far examined the active elements (those from which 
high-speed protons can be ejected) are odd-numbered in the order 
of atomic number in sequence 5, 7, 9, 11, 13, 15. The atomic 
masses of these active elements are all expressed by 4n + where 
72. is a whole number and a = 3 for all excejDt nitrogen and the lighter 
isotope of boron, for wdiich a == 2. With the one exception of boron, 
all are simple elements. 

It is evident from these results that the nuclei of even light elements 
are very complex structures. The eSects mentioned above are best 
explained by the view that the fragile nuclei of the active elements 
have a different proton-electron structure from those not exhibiting 
disintegration, and that their fragility is due to the presence of 
what may be called planetary protons less firmly bound than 
their fellows and probably rotating in orbits of nuclear dimensions. 
The fact that chlorine and the heavier elements do not break up 
may be ascribed to their nuclear charge being so high that the a- 
particle never makes a close enough collision to effect disintegration. 
Disintegration is clearly akin to ionisation, since in each case a 
unit electric charge is tom violently away from the atom, but 
beyond this the parallel ceases. In the case of ionisation the field 
of force round the atom is of a sign which attracts the electron 
dislodged, or any other electron, and extends indefinitely in all 
directions, so that the atom is sure to regain its neutral form very 
rapidly. On the other hand, in disintegration, any field of force 
tending to regain the proton lost is confined to nuclear dimensions 
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and in addition is surrounded indefinitely in all directions by a 
field of force repelling such a positive charge. The effect of ionisation 
is therefore transitory, whilst that of disintegration is permanent^ 
and it is not unreasonable to speculate that when a proton is dis- 
lodged from an atom of sodium (ISTa^^) there results an atom of 
neon (Ne^^) which, as soon as it has lost its excess electron, will be 
indistinguishable in any way from any other atom of Ne^^. Even 
if the actual effect is not so simple as this, there can be no doubt 
that alchemical transmutation has been achieved. An attempt 
made by Wyckoff to effect transmutation by bombardment of 
lithium salts by a stream of electrons, in the hope of introducing 
one or two into the nuclei of the lithium atoms, was unsuccessful. 
The claim put forward by Wendt and Irion that tungsten is 
decomposed and partly transmuted into helium when, in the form 
of a fine wire, it is electrically deflagrated at a very high temperature, 
appears so excessively improbable that it may be safely left for 
further confirmation. 

cx.-Itays. 

The range of a-rays in solids and liquids has been measured by 
Traubenberg. In the first oase,^^ a small-angled wedge of the 
material was arranged with its lower face parallel to, and at a 
distance of a few millimetres from, a plane surface activated by 
means of radium-C^ The upper face of the wedge was in contact 
with a zinc sulphide screen. The range of the a-rays in the solid 
was determined by observing the distance of the line of demarc- 
ation between the light and dark regions of the screen from the 
angle of the wedge. Correction was made for the thickness of air 
traversed. p-Radiation was eliminated by a powerful magnetic 
field. The following results were obtained for the respective ranges, 
expressed in cm., in the various elements stated : lithium, 

129T ; magnesium, 57*8; aluminium, 40*6; calcium, 78*8; iron, 
18*7; nickel, 18*4; copper, 18*3; zinc, 22*8; silver, 19*2; cadmium, 
24*2 ; tin, 29*4 ; platinum, 12*8 ; gold, 14*0 ; thallium, 23*3 ; lead, 
24*1. Those results can be correlated by a formula, but helium 
and lithium do not satisfy this relation ; this discrepancy is ascribed 
to the production of secondary a-radiation. 

In the case of liquids,^^ the range was measured by immersing 
the activated plate in the liquid and lowering the screen towards 
it until it just fluoresced; the thickness of the liquid was then 
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measured with a horizontal microscope. The range in water wa® 
found to be 60/^. Gases were investigated by passing the beam of 
rays parallel to the sides of a glass wedge, containing the gas, and 
placing in their path a screen at a small angle with the horizontal. 
As in the case of solids, the range was deduced from the boundary 
of dark and light on the screen. They found that the stopping 
power of gases varies as the square root of the atomic number, but 
is not strictly additive in the case of compounds. 

The luminous path of a-rays in crystals has been observed by 
Geiger and Werner.®^ A thin, highly polished section of willemite 
was arranged in the field of a microscope so that the a-rays of 
polonium should strike it at a small angle. Luminous lines, 0*03 mm. 
long, were seen. These represent the path of the a-ray in the crystal 
and show that the number of centres is extremely large, and in the 
case of a perfect crystal sufficient to ensure a scintillation for every 
a-particle hitting the crystal. 

Some exceedingly important observations on the collisions 
between a-particles and hydrogen nuclei have been made by Chad- 
wick and Bieler.®® The angular distribution of these nuclei, or 
protons, projected by a-particles of mean range 6*6 cm., has been 
determined up to an angle of 66°. The distribution for a-rays of 
mean ranges 8*2, 4*3, and 2*9 cm. has been obtained over a smaller 
range of angle. The number of protons projected within these 
small angles by a-rays of high velocity is greatly in excess of that 
given by forces varying as the inverse square of the distance between 
the centres of the two nuclei. The manner in which the number 
of protons projected varies with the velocity of the rays has been 
observed over a wide range. For rays of high velocity this variation 
is in the opposite direction to that given by the inverse square law ; 
for those of range less than 2 cm. the collision relation is about 
the same as that expected from the inverse square law. The 
experimental collision relation is compared with those calculated 
by Darwin for various models of the particle, and the conclusion 
is drawn that the a-particle behaves in these collisions as an elastic 
oblate spheroid of semi-axes about 8 X 10“^^ and 4 X cm., 

moving in the direction of its minor axis. Outside this surface 
the force varies approximately as the inverse square of the distance 
from the centre of the spheroid. 

Slater has investigated the hard •y-radiation which is emitted 
when a-particles from radium emanation impinge on metals such 
as lead and tin. The radiation differs but little with change of 
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Ihid., 904; 4., ii, 13, 
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atomic number. The absorption coefficients in lead are 1*8“^ cm. 
for lead and cm. for tin. The intensity obtained is small, and 
is about 50 per cent, greater for lead than for tin. It appears to be 
emitted fairly uniformly in all directions, but differs in all other 
respects from the characteristic radiations, and is probably emitted 
from the nuclei of the atoms in the radiator after direct collision 
with the a-particles. Shenstone has attempted to detect the 
induced radioactivity resulting from a-ray bombardment. He 
shows that the violent dismemberment of a molecule by an a- 
particle does not give rise to unstable nuclei, capable of emitting 
mass particles of a range greater than 2*0 mm. Also no cumulative 
effect is observable after a heavy bombardment by the a-particles. 
These negative results do not preclude the possibility of disintegra- 
tions taking place which involve the emission of P-particles or 
y-radiation. 

The velocity of a-rays from polonium has been measured directly 
by Mile Irene Curie by means of a magnetic deviation method. 
A value of 1*593 x 10^ cm. per second is obtained and the ratio of 
the emission velocities of the a-rays of polonium compared with 
those of radium-(7 is accordingly 0*829, which is in excellent agree- 
ment with the ratio 0*826 obtained from the cube roots of their 
penetrating powers. An interesting point is raised by Henderson 
in a communication entitled a-Particles as Detonators."’ If it is 
considered that when an a-particle passes through matter the 
matter in its proximity is momentarily raised to a high temperature, 
the detonation of certain unstable substances would bo expected 
to take place on exposure to the action of these particles. Air-dried 
nitrogen iodide is detonated in this way. The detonation is not 
caused by the first a-particle which happens to strike the substance, 
but appears to be a probability effect. The same investigator 
has measured the ionisation curves of a-particles from radium- O, 
thorium-C'xj Q^nd thorium-(72 in air, particular attention being 
directed to the end portions. The greater part of each curve is 
approximately a straight line. The gradual flattening of the 
curve at the end of the range can be accounted for by small variations 
in the ranges of individual a-particles. He suggests that an extra- 
polated range is more suitable than the usual definition. The 
extrapolated range in air at 0° is 6*692 cm. for radium-C7, 4*529 cm. 
for thorium-C?!, and 8*167 cm. for thorium-Cg. 

PML Mag,, 1922, [vi], 43, 938; A,, ii, 377. 
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The Scattering of ^-Rays, 

Geiger and Bothe have measured the scattering of p-rays hy 
thin metal sheets {a) in the regions of small scattering angle (</> = 15° 
or less) and (6) in the regions of large scattering angle = 60° or 
more). They show that there is a fundamental difference between 
the two types of scattering. In the region of smaller angles, the 
observed angle is produced by the superposition of many individual 
small scattering angles through which the p-ray is bent as it passes 
the individual atoms (multiple scattering), whilst in the region of 
large angles the superposition plays a subordinate role; each 
scattering angle is produced by a single collision when the path 
of the electron lies very close to the nucleus of the atom collided 
with (individual scattering). In the case of rays from radium- (B 
+ (7), they show that for the very thinnest layers the scattering is 
less than that demanded by the square root law, but that for 
thicker layers this law is confirmed. 

The same phenomenon has been very completely investigated 
by Crowther and Schonland.'^^ A source of radium emanation of 
an initial activity equivalent to that of 45 mg. of radium was 
employed and the scattering of the p-rays caused by foils of gold, 
silver, copper, aluminium, and carbon was measured over ranges 
of both large and small angles. In the experiments on the relation 
between the transmitted radiation and the thickness of the scattering 
material, they conclude that this is a linear one for thin foils. If 

is the thickness of material sufficient to cut down the radiation 
to one-haH its initial intensity, their results may be summarised 
by stating that, for light elements ^ch as carbon and aluminium, 
the scattering as measured by independent of over the 

w^hole range of the angles investigated (4° to 18°), but has a value 
which is nearly twice that to be expected on the current theories of 
the effect. On the other hand, for heavy elements like gold or 
platinum, the scattering for very small values of approximates 
closely to that to be expected from theoretical considerations, but 
increases rapidly with the angle, until for angles of 18° it is in 
agreement with the larger scattering shown by the lighter elements 
at all angles measured. 

Their method of viewing the data strongly suggests that some 
change is required in the present theory when the distance between 
the path of the p-particle and the deflecting particle is less than a 
certain critical value. 

Glasson has tabulated values of the atomic absorption, 

’2 Bhysihal. Z,, 1921, 22, 585; Jl., ii, 13. 

73 Proc. Moy, Soc,, 1922, [^], 100, 626. 
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a = ^AjD, and the atomic scattering, 6 = ^AjD (where A is the 
atomic weight, B the density, and a and p are the coefficients of 
absorption and of scattering, respectively, for p-rays) of the ele- 
ments, and has discovered two interesting relations. He finds 
that the values of a are approximately constant for elements in 
the same period of the periodic system. Thus forMg,Al, a = 89 ; 
for Fe,Co,]Sri,Cu,Zn, a = 172—196; for Pd,Ag,Sn, a = 260—268; 
and for Pt,Pb,Au,Bi, a == 348 — 372. These figures are in the 
ratio 1 : 2 : 3 : 4, so that it seems likely that the value of is a 
periodic function of the atomic number. The value of b increases 
with atomic number and is approximately rejiresented by the 
expression h ~ 0’36 X 

p-jKay 5 , y-Rays, and the Structu7'e of the Nucleus, 

The comparative lack of experimental data connected with the 
structure of the nucleus gives a very free field to speculative theory 
on that subject. The nucleus model put forward by Meitner 
has been discussed by Neuberger, Valeras, and its originator in a 
number of papers of a speculative and controvci’sial nature. 
Other t 3 ^es of models are put forward by Gehrcke,'^'^ Chwolson,'^^ 
and Stewart.*^® 

Ellis has examined the magnetic spectrum of the p-rays excited 
by the y-rays of radium-jB in uranium, lead, platinum, txmgsten, 
and barium. He shows that the main lines are formed by electrons 
ejected from the jK’-rings of these elements by definite y-rays, each 
type of y-ray being characterised by a certain energy. In a later 
paper,®^ he develops a method, based on the quantum theory, by 
which the wave-length of y-rays, too short to be measured by the 
crystal method, can be determined, and applies this to the cascB 
of the y-rays of radium-B, radium-<7, and thorium-D. The method 
consists in the determination of the energies of the different lines 
in the natural P-ray spectrum of the element in question, and the 
energy of the corresponding line in the excited spectra of substances 
of neighbouring atomic number. The numerical results obtained 
support the view that the y-rays are emitted from the nuclcms. 
They also suggest that the quantum theory is applicable to the 
nucleus, and a part, at least, of the structure of the nucleus is 
expressible in terms of stationary states. 
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Meitner,®^ on the other hand, although admitting that the origin 
of the y-rays is the nucleus itself, gives an entirely different ex- 
planation of Ellis’s results on the basis of her nucleus model, 
developed by the application of the quantum theory by Smekal.^® 
The Meitner- Smekal theory supposes that the primary cause of 
y-rays ai'e [3 -rays of definite energies, and on it the well-known 
continuous (3-ray spectrum must be considered to be entirely 
adventitious and produced under experimental conditions by some 
such agency as scattering. Ellis’s explanation, which is more in 
accord with the older work of Chadwick,®'^ is that the disintegration 
electrons form the continuous spectrum. The homogeneous groups 
are considered to be entirely secondary in origin and due to the 
conversion of y-rays in the electronic structure of the radioactive 
atom, these y-rays being emitted from the nucleus during the 
disintegration.^^ Chadwick and Ellis have made a preliminary 
measurement of the intensity distribution in [3-ray spectra of 
radium- and radium- O, under conditions which enabled scattering 
effects to be eliminated or corrected for. Their results show that 
in each case by far the greater part of the intensity is in the con- 
tinuous spectrum, a fact exceedingly difficult to explain on the 
Meitner-Smekal theory, and are generally in strong support of that 
put forward by Ellis. 

The work on p-rays caused by y-rays is still in progress and has 
already raised points of very great interest. It suggests that the 
origin of some of the electrons forming the p-rays must be inside 
the JS:-ring and therefore within the nucleus itself, and that these 
electrons have energies corresponding with definite quantum levels, 
just as the ordinary planetary electrons outside are known to have. 
Now the effect of an isotopic difference in the structure of nuclei 
may be expected to have an enormously greater effect on (3-ray 
spectra caused by nuclear electrons than it would have on X-ray 
or ordinary light spectra caused by planetary electrons. Multiple 
lines observed already give evidence that some of the heavy elements 
examined are mixtures of isotopes, but, unfortunately, none of these 
has yet been analysed by the mass-spectrograph. It is also clear 
that if an electron is dislodged from the nucleus by the agency of 
a y-ray produced in the nucleus itself, it is just possible that the 
same effect could be produced, and transmutation effected, by a 
y-ray from an exterior source. Assuming that the emission of 

Z, Fhysik, 1922, 9, 131; A., ii, 416. 
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7 -rays may precede the process of disintegration, Hevesy shows 
that if the nucleus could take up the energy of a y-ray from an 
external source it should change its stability and therefore its rate 
of disintegration. He has experimented with uranium in radio- 
active equilibrium with uranium-X, and with radium-I> in equi- 
librium with radium-X, but has failed to detect a measurable change 
in the p-radiation in either case. 

Thorium. 

Long-range Particles from Thorium-G . — In the disintegration of 
thorium- <7 a small number of particles with the long range of 11*3 cm. 
are expelled.^® As there was a possibility that these had originated 
by collisions of the a-particles mth the oxygen of the mica absorbing 
screen, the phenomena were re-examined with screens of aluminium 
as well as mica.^® The same results were obtained in both cases. 
The ratio of the total number of particles with ranges exceeding 
8*6 cm. to the total number of a-particles (ranges 5*0 and 8*6 cm.) 
is 1 to 11,000. At least 90 per cent, of the long-range particles 
originate in the active deposit. Measurement of the deflexion of 
these particles in a magnetic field showed that they were ordinary 
a-particles of mass 4. There is no information as to their source. 
It may be that thorium-O may break up in two ways with the 
emission of rays of ranges 8*6 and 11*3 cm., or that 1 in 11,000 of 
the atoms of thorium- C7 breaks up directly with emission of these 
very swift a-particles. The resulting product would have an 
atomic number 81, and would be an isotope of thallium with atomic 
weight 208. The amount of this thallium found in thorium minerals 
should be about 0*00004 per cent. 

The number and the range of the recoil atoms of thorium-C7 
and thorium-C' have been investigated by Kolhorster.^® Aluminium 
foil, activated by a mesothorium preparation, was used as a source 
of the radiation. It is concluded that a recoil atom results from 
each atom of thorium-(7 and thorium-C' transformed by the emis- 
sion of an a-ray. The average ranges found in hydrogen were 
0*55 mm. and 0*96 mm., respectively, corresponding with ranges of 
0*129 mm. and 0*224 mm. in air at 15*^ and 760 mm. 

* A determination of the number of a-particles per second emitted 
by thorium- (7 of known y-ray activity has been made by Shenstone 
and Schlundt.®^ The a-particles were counted by the wheel method 
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devised by Rutherford, and accurate y-ray measurements were 
made at the same time as the counts. Counts made with thorium-C 
and radium- C showed that the ratio of their a-ray activities for 
equal y-ray activities is not independent of the thickness of the 
wall of the y-ray electroscope. 

The volatility of a radioactive product, deposited on metal, has 
been examined in the case of thorium- JS and thorium-C', deposited 
on gold, platinum, and palladium ^ discontinuity at about 
760° is put down to the occurrence of thorium-(7 oxide stable at 
this temperature. 

Strong has made a careful series of fractionations of a mixture 
containing radium and mesothorium obtained during the process 
of extraction from barium compounds. No separation whatever 
could be detected, from which it is concluded that radium and 
mesothorium are true isotopes. 

Uranium and Actinium, 

Adams points out that Piccard^s assumption that the 
actinium series is derived neither from uranium-I nor from uranium- 
II does not require the identity of the periods of the first and the 
third. A hypothetical isotope of protoactinium (ekatantalum or 
uranium-.^) is assumed as the parent of actinm’anium by a p-ray 
transformation. He assigns to this element an atomic weight 236, 
corresponding with protoactinium 231, actinium 227, and actinium 
load 207, and points out that the last value agrees well with Honig- 
schmid’s value of 206*05 for the atomic weight of uranium lead 
containing about 3 per cent, of actinium lead. 

Meyer calculates the half -life period of actinium to be about 
sixteen and a half years, and the transformation ratio of the actinium 
to the uranium family to be 4'2 per cent. Hahn and Meitner 
consider this value to be 25 per cent, too high, and prefer their 
own value, -3 db 0*3 per cent. They consider that Meyer’s prepara- 
tion probably contained 1 — 2 per cent, of ionium, which would 
explain the difference. The same workers,®^ by separation of the 
protoactinium from uranium of approximately known age and 
measurement of its activity in comparison with that of uranium, 
have been able to estimate its half-life period as about 12,000 years. 
This value is the result of three concordant experiments and is 

S. Doria, Krahauer Anzeiger, 1917, 260; A., 1921, ii, 294. 

J. Amer, Ghent, Soc„ 1921, 43, 440; A,, 1921, ii, 294. 

Ibid., 1920, 42, 2205; A., 1921, ii, 8. 

A., 1918, ii, 6. 

Wien, Anzeiger, 1920, 133; A,, 1921, ii, 8. 

Z, I^hysih, 1921, 8, 202; A„ ii, 185. 

♦8 Ber,, 1921, 54, [B], 69; A„ 1921, ii, 150. 



288 ANITUAL BEPOBTS ON THE PBOGBESS OP CHEMISTRY. 


to be regarded as the lower limit. It is thus possible to calculate 
the protoactinium content of uranium minerals, which is exj^ressed 
by the figure 72 mg. of protoactinium to one ton of uranium ; the 
corresponding figure for radium is 330 mg. 

New Radioactive Substances in Uranium , — Hahn describes a 
new radioactive substance present in ordinary uranium salts pos- 
sessing the chemical properties of protoactinium. It emits p- 
radiations and has a half-life period of six to seven hours. The 
radiations are highly complex; within the limits examined, the 
halving thickness increases from 0*014 to 0-12 mm. of aluminium. 
Under the prescribed conditions, the intensity of radiation of the 
new substance is only about 0*25 per cent, of that of uranium-X 
(uranium-Xi + uranium-Xa), obtained from the same quantity of 
uranium. The parent substance can only be uranium-X^^ or a 
new uranium-Xi isotope of similar life period. In the former case, 
uranium-Xi suffers a dual degradation of a type not yet observed. 
In the latter case, it is probable that a new uranium degradation 
series exists which has a small intensity of radiation and the 
individual members of which can be arranged as isotopes in the 
known uranium-radium series. Until the parentage of the new 
substance is definitely established, the author proposes to designate 
it uranium-.Z.’^ Neuburger ^ suggests possible types of disintegra- 
tion in the uranium-radium series to account for the occurrence of 
the new uranium--Z. Halm,^ however, rejects the transformations 
suggested by Neuburger as improbable. 

Piccard and Stahel ^ have repeatedly measured the p-radiation 
of a quantity of uranium-X for a prolonged period. They show 
that in addition to the hard P-radiation of uranium-X, there is a 
soft radiation which with increasing age of the preparation decreases 
more and more slowly; this indicates the presence of a substance 
of longer life than uranium-X. They name this provisionally 
uranium- F.""' It has a half-life period of about forty-eight days, 
its p-radiation is half absorbed by an aluminium sheet 0*0003 mm. 
thick, and it may be a member of the actinium series. Hahn ^ 
has determined the decrease in activity of a number of uranium-X 
preparations to test these observations, but has found no evidence 
of the existence of uranium- F. 

P. W. Aston, 
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Anthraquinones, compounds of boric 
acid with, 121. 

Antimony, isotopes of, 269. 
sulphide, estimation of, 178. 
estimation of, in copper, 178. 

Apophyllenxc acid, and its deriv- 
atives, 147. 

Apples, pectic constituents of, 219. 

Aragonite minerals, crystal structure 
of, 257. 

Arginine, estimation of, 185. 

Arsenic, modifications of, 54. 
alloys with zinc, 46. 
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Arsenic sulphide, estimation of, 178. 
Arsenic acid, estimation of, 178. 
Arsenates, sterilisation of soil by, 
217. 

Arsenites, sterilisation of soil by, 
217. 

detection of, 175. 
estimation of, 179. 
separation of, 179. 

Aspartic acid, hydroxy-, from hydro- 
lysis of proteins, 186. 

Asymmetric syntheses, 75. 

Atoms, structure of, 31, 32, 279, 284. 
models of, 284. 

function of the outer electrons of, 
249. 

induced alternate polarity of, 30. 

Atomic theory, 30, 
weights, 33, 

constancy of, 272. 

Autoxidation, 69. 

Azelaic acid, synthesis of, 73. 

Azeiics, 85. 


Bacillus, nitrogen-fixing, 208. 

Barium cyanide, preparation of, 40. 
selenio acid, 46. 
sulphuric acid, 46. 

Beckmann rearrangement, 95. 

Becquerelite, 263. 

Benzaldehyde, copper compound of, 
123. 

Benzanthrone, preparation and con- 
stitution of, 122. 

Benzene, constitution of, 86. 
derivatives, orientation of, 90. 
estimation of, 167. 

Benzil dioximes, formulee of, 95. 

Benzils, tautomerism of, 109. 

Benzoic acid, crystal unit cell of, 
240. 

m-chlorO“, preparation of, 92. 

Benzophenone-2 : 4 : 2' ; 4'-tetraearb- 
oxylic acid, keto- dilactone, resolu- 
tion of, 76. 

Benzoxazole derivatives, fluorescence 
of, 141. 

Bonzoxazoles, substituted, hydrolysis 
of, 129. 

Benzoyl"5-quindoline, o-amino-, 155. 

Benzyl chlorides, substituted, hydro- 
lysis of, 98. 

Betaines, 147. 

Bishydrocarbostyril-3 : B'-spirau, 152. 

Bismuth subiodide, 54. 

Blood, sugars in, 195. 

Boiling points, abnormal, 11, 35. 

Boron, atomic weight of, 34. 

Boric acid, compounds of anthra- 
quinones with, 121, 

Borates, complex, 47. 

Bread, proteins of, 189. 


Butadiene, preparation of, 61. 
cyc^oButanone and its derivatives, 
116. 

i^oButyl alcohol, preparation of, 65. 


Cactus alkaloids, constitution of, 
161. 

Cadalenc, constitution of, 118. 
Cadmium, use of, as a reducing agent, 

177. 

alloys with magnesium, 46. 

with mercury, use of, in analysis, 
177. 

iodide, crystal structure of, 257. 
Ca3sium chloride as a reagent in 
micro chemical analysis, 174. 
halides, crystal structure of, 257. 
Caffeine, estimation of, 174. 

Calcium, metallic, properties of, 45. 
isotopes of, 268. 
metabolism of, 198. 
alloys with mercury, prcparatkni 
of, 45. 
chlorite, 57. 

Calcium-ammonimn, 46. 

Calumba root, alkaloids from, 162. 
a-Campholytio acid, tautomerism of, 
114. 

Camphor from campholonic acid, 107, 
Caoutchouc, hydrogenation of, 63. 
Carbohydrates, 77. 
fermentation of, 229. 
detection of, 170. 

Carbon, fusion of, 49. 

dli'oxide, assimilation of, by plants, 
218. 

estimation of, in organic com- 
pounds, 172. 

A®- and A^-Carono, 117. 

Carnitine, structure and reactions of, 
147. 

Caseinogon, hydi'olysis of, 187. 
Catechin, constitution of, 146. 
Cathodes, silver, use of, 180. 
Cello^^obioso, 82. 

Colls, electrochemical standard, 17. 
Cellulose, constitution of, 81. 
Corebronic acid, constitution of, 72. 
Ceruloofibrite, 264. 

Chelidonic acid, action of amines 
with, 148. 

Chi tin, constitution of, 139. 

Chlorine, activation of, by light, 38. 

estimation of, 172, 176. 

Chlorites, 57. 

Chlorohydrins, preparation of, 66. 
«>aChondodondrme, constitution of, 
163. 

Chromium iWoxide, solubility of, in 
sulphuric acid, 56. 
estimation of, in nickel-chromium 
steel, 176. 
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Chrysophaiiic acid, synthesis and 
constitution of, 121. 

Cinchona alkaloids, cons ti tuition of, 
157. 

Cinchonic acid, synthesis of, 151. 
Clupein©, hydrolysis of. 180. 
Coagulation by ions, 27. 

Coal gas, estimation of sulphur 
compounds in, 168. 

Cobalt carbonyls, 50. 

duoride, ammines of, 59. 

Cod-liver oil, treatment of rickets 
with, 198. 

Colloidal solutions, 25. 

Colloids, protective, 27. 

Colostrum, significance of, 192. 
Columbium, separation of, from 
tantalum, 179. 

Condensations, 93. 

Copper, reflection of Ka-rays of, from 
calcite, 253. 

alkali sulphates, hydrated, 42, 260. 
oxides, 42. 
sulphides, 42. 

compound of benzaldehyde, 123. 
Cupric tetrammine nitrate and 
nitrite, 43. 

Cuprous chloride, reaction of sul- 
phur dioxide with, 55. 
halides, crystal structure of, 257. 
detection of, 175. 
estimation of, 176, 178, 
estimation of antimony in, 178. 
Corundum, crystal molecule of, 243. 
Corydaline, formula of, 163. 

Crystal unit, 236. 

Crystals, structure of, 12, 235, 251. 
by means of Xf-rays, 237, 251, 
265. 

size of atoms in, 263. 
determination of the density of, by 
X-rays, 241. 

biaxial, new optical property of, 
262. 

strained, X-radiograms of, 259- 
Crystallisation of liquids, 12. 
Crystallography, books on, 264. 

-Cumene, preparation of, 96. 
Cyanines, 153. 
thio-, 154. 

^>oOyaninos, thio-, 154. 

C^yanogen : — 

Hydrocyanic acid, structure and 
synthesis of, 69. 
gaseous, tautomeric equilibrmm 
of, 4. 

Cyaphenines, formation of, 131. 
Cyclic compounds containing nitro- 
gen, stability of, 127. 

Cystine, hydrolysis of, 185. 


Density, limiting, of gases, 6, 


Dewindtite, 263. 

Dextrose in blood, 195. 
acetone derivatives of, 78. 

Diabetes, 193. 

Diaeety Idihydrodipyridy 1, 1 50. 

Diacetyltetrahydrodipyridyl, 150. 

Diazo-compounds, aliphatic, reactions 
of. So. 

Dibonzothianthrene, 5:7:12:14- 
^c^?’ahydi‘Oxy-, 132. 

4 : 4'-DibenzyloxybenziI, tautomer- 
ism of, 109. 

Diearboxyglutaconic acid, ethyl 
ester, action of piperidine wixh, 
112 . 

Diethyl sulphide, jS^'-dichloro-, form- 
ation and derivatives of, 73. 

Digitonin, constitution of, 80. 

Dihydrocampholenic acids, 108. 

Dihydro^'^oindole, preparation of, 127. 

3 : 4-Dihydro -1 : 2-naphthacridine-14- 
carboxylic acid, 155. 

X-Dimethylalaninol, 84. 

2 -p -Dimethylaminostyry Ipyridine 

methiodide as a photographic sen- 
sitiser, 149. 

/S;8 -Dime thylbutane, 6 1 . 

Dimethy Idiliy droresorcinol , di- 

bromo-, bromination with, 101. 

Dinaphthathiophendiquinone, 132. 

y-Diphenio acid, 6 : 6'-c?mitro-, reso- 
lution of, 89. 

Diphenylacetic acid, and its ethyl 
ester, potassium derivatives, 124. 

Diphenyl, amino-, synthesis of, 95. 

Diphenyl-a- and -iSmaphthylmethyls, 
103. 

Dipropyl ketone, formation of, 69. 

Dipyridyl violet chloride, constitu- 
tion of, 150. 

Dipyrrole, hydroxy-, 139. 

Di-2-quinolyl ketone, 152. 

Disaccharides, 79. 

Dithionates, estimation of, 177. 

Dopplerite, 205. 

Drying, effect of, on physical and 
chemical properties, 30. 


Earths, rare, densities of the oxides 
of, and their separation, 49. 
Electrical conductivity, 16. 
Electi'ochemical analysis, ISO. 
Electrodes, potential of, 17. 

iodine, use of, 180. 

Electrolytes, ionisation of, 15. 
Elements, periodic systems of, 271. 
isotopic constitution of, 267. 
crystalline, structure of, 255. 
light, disintegration of, by a- 
particles, 278. 

Elsholtzic acid, constitution of, 137. 
Emulsin, 231, 232. 
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B3nzymes, ckemistry of, 231. 
(iZ-Epicateehin, preparation of, 14G. 
Equation of condition, 7. 

Esters, velocity of saponification of, 

20 . 

Ethylene, hydrogenation of, 60. 
Ethyl ether, atmospheric oxidation 
of, 67. 

Eudalene, 118. 


Fermentation, 229. 

Ferric oxide. See under Iron. 

Ferrioxalic acid, potassium salt, 
crystallography of, 262. 

Ferrocyanides, titration with, 181. 

Fertilisers, amount of, in relation to 
crop yield, 218. 

estimation of nitrogen in, 169. 

Fluocerito, 58. 

Fluorescence, 24. 

Fluorine, spectrum of, 57. 

Hydrofluosilicic acid, estimation of, 
181. 

detection of, 175. 

Formaldehyde, synthesis of, 64. 

combination of hydi’ogen phos- 
phide with, 67. 

detection of, 170. 

Formhydroxamic acid, formation of, 
in plants, 220. 

Formic acid, thermal decomposition 
of, 24. 

Friedel-Crafts’ reaction, 94. 

cZ-Fruotose. See Loevulose. 

Fulminic acid, mercuric salt, de- 
composition of, 39. 


Grallaldehyde, preparation of, 91. 
Gamboge suspensions, 26. 

Gas analysis, 166. 

Gases, molecular structure of, 5. 
specific heats of, 2. 
limiting density of, 6. 
viscosity of, 5. 
ignition of, 20. 
inert, 39- 

Germanium, crystal structure of, 255- 
compounds, 50. 

Gillespite, 263. 

Glucinum, atomic weight of, 33. 
crystal structure of, 255, 
hydroxide, 44. 

oxide, crystal structure of, 256. 
sulphates, 45. 

Glucosamine, 78. 
d-Glucose. See Dextrose. 

Glucosides, 79, 

Glutaconic acids, isomerism of, 72. 
Glutathione, 189. 

Glycerol, preparation of, by fer- 
mentation, 229- 


Glycerol, synthesis of, 60. 

bromo- and chloro-liydrins, 60. 
Glyoxalines, 5-nitro-, reduction of, 
142. 

Gold, colloidal, estimation of, 17S. 
alkali chlorides, complex, 44 . 
sulphides, 44. 

Grapes, Spanish, fluorine in, 225. 
Grignard reactions with hydrocar- 
bons, 62. 

Guanidine derivatives, synthesis of, 
84. 

estimation of, 169. 


^>oIIaematein tetramothyl other 
ferri chloride, 145. 

Halogen atoms, lability of, in organic 
compounds, 74. 

reactivity of, in organic com- 
potmds, 98. 

Halogenation, 92. 

Harmaline, constitution of, 159. 

Harmine, constitution of, 1«59. 

Heat, specific, of gases, 2. 

Helium fi'om explosion of tungsten 
wires, 39. 
spectra of, 1. 
solubility of, 39. 

Hexadocanesulphonie acid, colloidal 
prox^erties of, 28. 

Hoxahydi'odioxydiboron, potassium 
salt, 47. 

Hexamethylencimine, 127. 

Hexoses, oxidation of, 77. 

Hirmic acid, origin and naltirt^ of, 
204. ^ 

Humocerio acid, 72. 

Hydrazine, estimation of, in presc^neo 
of hyclroxylamine, 177. 

Hydrazo - compounds, isomei’ie 

changes of, 97. 

HydrazodicarbonthiocarbonamkU‘s, 
reactions of, 130. 

Hydrocarbons, GO. 

aromatic, action of nitrogen tri- 
chloride wnth, 102. 

Hydrocyanic acid. See under Cyano- 
gen. 

Hydrofluosilicic acid. See tender 
Fluorine. 

Hydrogen, active, proparattoxi. and 
properties of, 39. 

activation of, by palladium or 
platinum, 38. 
atoms, diamotcu’ of, 254, 
ions, deteimination of the con<;(»n- 
tration of, 175, ISO. 
nuclei, collisions botwecin a- 
particles and, 281, 
spectra of, 1. 
specific heat of, 3. 
peroxide, pure, properties of, 41. 
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Hydrogen phosphide, estimation of, 
166. 

selenide, 56. 
telluride, 56. 
estimation of, 166, 172. 

7 - and 5-Hydroxy-aldehydes, syn- 
thesis of, 78. 

7 - and S-Hydroxy -ketones, synthesis 
of, 78. 

Hydroxylamine, crystalline, prepar- 
ation of, 52. 

estimation of, in presence of 
hydrazine, 177. 

Hypophosphorous acid. See under 
Phosphorus. 

Hyssopin, 120. 

Hyzone, 40. 

lee, crystal structure of, 254. 

Ignition of mixed gases, 20. 
Imino-oxazolidines, 141. 
Iminothiodiazolone, 130. 

Indazoles, isomerism of, 132. 
Indenoindoles, synthesis of, 139. 
Indenoquinolinos, 154. 

Indicators, 175. 

Indole, synthesis of, 139. 

Inorganic analysis, 174. 

Insulin, 196. 

Inulin, constitution of, S3. 

fermentation of, 230. 

Invertaso, 231. 

Iodine electrodes. See Electrodes. 
Ionisation of electrolytes, 15. 

Iron, crystal structure of, 255. 
isotopes of, 268. 

electrolytic, solubility of, in sulph- 
uric acid, 58. 

fusion of sodium hydroxide with, 42. 
pentacarbonyl, 49. 

Perric oxide, hydrates and sulphates 
of, 58. 

Btoel, estimation of manganese and 
vanadium in, 178, 

estimation of phosphortxs in, 
178. 

«>oIsatogens, 135. 

Isatoids, 135. 

Isobares, 270. 

Isomerism, 132. 

Isoprene, attachment of addenda to, 
63. 

Isotopes, 267. 

periodic systems of, 271, 
table of, 270, 
atomic volume of, 273. 
spectra of, 273. 
separation of, 276. 

Kephalin, 202. 

Hetenacetal, 70. 

Ketens, reactions of, 85. 


a-Hetocampholenic acid, 107. 

a.Keto-j8j3-diethylglutaric acid, 111. 

a-Ketoglutarie acids, tautomeiism of, 

111 . 

Ketones, 67. 

estimation of, 172- 

Krypton, estimation of, 39. 

Lac, Burmese, constituents of, 120. 
Indo-Chinese, constituents of, 119. 
Japanese, constituents of, 119. 
Laccol,” 119. 

Lactase, 231. 

^-Lactones, formation and properties 
of, 72. 

Lsevulose, acetone derivatives of, 78. 
detection of, 171. 

Lanthanum, atomic weight of, 34. 

Laudaiiine, synthesis and formxila of, 
163. 

Lead isotopes, band spectra of, 275. 
series spectra of, 273. 
separation of, 277. 
alloy with strontium, 46. 
oxides, 51. 

Lecithins, 201. 

Light, ultra-violet, effect of, on 
rickets, 199. 

Lipase, 232. 

Lipoids, 201. 

Liquids, abnormal boiling points of, 

11 . 

vapour pressure of, 8. 
crystallisation of, 11. 

Lithium isotopes, series spectra of, 
274. 

chlorite, 57. 

fluoride, X-ray analysis of, 14. 
hydride, crystal structure of, 256, 
structure and stability of, 41. 
nitrate as an absorbent for am- 
monia, 41. 

Liver oils, colour reaction of, with 
sulphm-ic acid, 170. 

Lucerne hay as a diet for milking 
cows, 201. 


Magnesium alloys with cadmium, 46. 
with mercury, 45. 
pf.rchiorate, 45. 

oxide, crystal structure of, 256. 
detection of, 175. 

Malt, proteolytic enzymes of, 232. 
Maltasc, 231. 

Mammary glands, secretion of, 192. 
J-Mandelamide, racemisation of, w'ith 
alkali, 76. 

dZ-Mandelio acid, resolution of, 74. 
Manganese, estimation of, 178, 179. 
Meconic acid, estimation of, in 
opium, 174. 

Melanovanadite, 264. 
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Melting points, abnormal, of solids 
after drying, 37. 

Mercurialis perennis, carbohydrates 
in leaves of, 219. 

Mercury, purification of, 4G. 
isotopes of, 276- 
vapour, fluorescence of, 2. 
oxychlorides, 47. 

Metallic nitrates, 'isomorphous, crys- 
tal structure of, 258. 

Metals, separation of, without use of 
hydrogen sulphide, 174. 

Methane, synthesis of the polyacetic 
acids of, 72. 

Methoxybenzyl bromides, hydrolysis 
of, 99. 

G-Methoxyindole-2-carboxydimothyl- 
acetalylmethylamide, intramole- 
cular condensation of, 128. 

Methoxyketomethyldihydrocarboline, 

128. 

Methoxyketomethyldihydroindoledi- 
azine, 128. 

Methyl alcohol, synthesis of, 64. 
bromide, preparation of, 73. 

Methylal, dibromo-, 73. 

MethylenecvcZopropane, 107. 

fl-Mothylglutaconic acid, a-cyano-, 
ethyl ester, addition of hydro- 
cyanic acid to, 70. 

5-MethyIglyoxalm©, 4-nitro-, 137. 

Methyl-n-hexylcarbinol, resolution of, 
75. 

a-Methylmannoside, synthesis of, 80. 

y-Methyl-AY-pentenos, isomeric, sep- 
aration of, C2, 

1 -MethylcycZopropane - 1 - carboxylic 
acid, 106. 

MethyU’sopropylcoumaranone, syn- 
thesis of, 129. 

Mozcaline, constitution of, 161. 

Michael condensation, reversibility 
of the, 71. 

Mioroehemieal analysis, 174. 

Microspira desiilphuricana in soil, 209. 

Milk, fat of, 192. 
proteins of, 189. 
vitamins in, 193- 

Minerals, effect of micro-organisms 
on the decomposition of, 205, 

Molecules, crystalline condition of, 
234. 

Molybdenum carbonyl, 49. 

separation of, from tungsten, 179. 

Monosaccharides, 77. 


Naphthalene, crystal unit of, 241. 
Naphthalenes, d-ahydroxy-, tauto- 
meric, 108- 

Naphthaphenthiazine, s 3 nnthesis of, 
132. 

Nephelometry, 165. 
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Nitration, 92. 

Nitrogen fixation in soil, 207. 

compounds, synthesis of, in plants, 
83. 

assimilation and metabolism of, 
in plants, 220. 

^^•echloride, action of aromatic 
hydrocarbons with, 102. 
oxides, 53, 

estimation of, 167. 
estimation of, in fertilisers, 169. 
Nitrosylselonic acid, 56. 

Nitszekia clostervmn, synthesis of 
vitamin by, 200. 


0:3: 3-dfcycfoOctane, 108. 

0:3: 3-d^c2/c^o-A^-Octene-3 : 7-dione- 
2:4:6: 8-tetracarboxylic acid, 
methyl estor, 108. 

Opium, estimation of alkaloids in, 
174. 

Oreinol, synthesis of, 87. 

Organic analysis, 169. 

Osmium, detection of, 175. 

Osmosis in plants, 223. 

Oxygen, estimation of, 167, 172. 
Ozone, properties of, 54. 


Pancreas, effect of, on diabetc.s, IDO. 

Paraffin wax, constituents of, 64.^ 

a-Partielcs, disintegration of light 
elements by, 278. 

collisions between hydrogen nuclei 
and, 281. 

as dctonatoi's, 282. 

Pectinase, 232. 

Pentamethylbenzeno, proparatioti of, 
96. 

eyci^oPen tano-1 : 2 : 3-tricarboxylic 
acids, isomeric, 77. 

Pentaphenylethyl, 104. 

dfcyc^c-A^-a-Penthiophon - 5 - carboxy- 
lic acid, ethyl osier, 137. 

Periodic systems, 271. 

Petroleum, polymerisation in forma- 
tion of ozoiiides from, 61. 

Phenacetln, distinction bc’^tween ac»-ei- 
anilide and, 171. 

Phenanthrono, estimation of, J73. 

Phenols, detection of, 171. 

Phenol-red as an indicator, 175. 

^-Phenyl-o'a-dimethylpropionic acid, 
preparation of, 93, 

^ -Phenylhydroxylamino, preparation 
of, 92. 

3-Phenylmdazole, isomerism of, 133. 

Phosphonixim iodide, crystal struc- 
ture of, 258. 

Phosphorus compounds, r61© of, in 
the metabolism of hoxoses, 194. 

fnfhydride, preparation of, 54. 
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Phosphorus pen^oxide, purification 
of, 53. 

Phosphoric acid, estimation of, 169. 
Phosphates in soils, 215. 
®^yp<^pliosphorous acid, active form 
of, 53. 

estimation of, in steel, 178. 
Photographic sensitiser, new, 149. 
Photosynthesis of nitrogen com- 
pounds, 220 . 

Physical analysis, 164. 

Physiological chemistry, books on, 
182. 

Picric acid, ionisation of, 16. 
Picrorocellin, 151. 

Pinacyanol, synthesis of, 153. 

Pmws longi folia, A®-carene from, 117, 
Piperidine, action of ethyl dicarb- 
oxyglutaconate with, 112 . 

Plants, acids in, 227. 
alkaloids in, 223, 229. 
assimilation of, 218, 220 . 
carbohydrates in, 226. 
carbohydrate metabolism in, 219. 
chlorine in, 225. 
constituents of, 225. 
glucosides in, 226. 
manganese in, 225. 
synthesis of nitrogen compounds in, 
83. 

leguminous, fixation of nitrogen by, 

222 . 

osmosis in, 223. 
pigments in, 227, 
proteins in, 228. 

effect of the soil solution on growth 
of, 214, 216. 

effect of colloidal silica in soil on 
growth of, 215. 

stimulating and toxic action of 
various compounds on, 224, 
Polonium, velocity of a -rays from, 
282. 

Polysaccharides, constitution of, 80. 
Potassium, crystal structure of, 255. 
chloroplatinato, crystal structure 
of, 258. 

cyanide, crystal structure of, 257. 
Propjrlene, prei^aration of, 61. 
Proteins, biological value of, 187. 
degradation of, 232 . 
hydrolysis of, 183. 
metabolism of, 187. 
new base from, 186. 
sulphur constituents of, 184. 
Protons, 279. 

Pyrazoles, electrochemical oxidation 
of, 142. 

Pyrazolone series, isomerism in the, 
134. 

Pyrene, synthesis of, 123. 

Pyridine, detection of, 171. 

separation of, from coal tar oil, 148. 
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Pyridinium nitrate, use of, in nitra- 
tion, 92. 

-y-Pyridones, structure of, 148. 
Pyrimidine derivatives, 146. 
Pyrofulmin, 85. 

Pyrogallol solutions, 166, 

Pyrrole, catalytic reduction of, 138. 
P 3 ?Tylium salts, synthesis of, 144. 


Quartz, crystalline symmetry of, 243. 
Quinol, relation between quinon© 
and, 86 . 

Quinoline derivatives, 151. 
'isoQuinoline, separation of, from coal 
tar quinoline, 155. 


Racemic compounds, optical activa- 
tion of, 74. 

Radiation theory, 22 . 

Radioactive indicators, 26, 165. 
Radium -R, j 6 -rays from 7 -rays of, 284. 
Rafiinase, 231. 

Rapie acid, 72. 

Rays, positive, analysis of elements by 
means of, 267. 

Rontgen, intensity of refiection of, 
249. 

crystal analysis by means of, 13, 
237, 251, 265. 

a-Rays, luminous path of, in crystals, 
281. 

rang© of, in solids and liquids, 280. 
from polonium, velocity of, 282. 
) 8 -Rays, scattering of, 283. 

excited by a-rays of radium -R, 284. 
7 -Rays, from the impact of a-rays 
on metals, 281. 

Reduction, 91. 

Ricinine, constitution of, 156. 

Rickets, 198. 

Ring formation, 114, 125. 

Rochelle salt, piezo -elec tricity of, 262. 
Rubidium bromate, 42. 

Ruby, crystalline structure of, 244. 
Rutsecarpine, constitution of, 159, 
Ruthenium carbonyls, 49. 
ie^roxide, 59. 


Saccharase, 231. 

d-Saceharic acid, degradation of, 77. 
Saccharophosphatase, 232. 

Sahidin, nature of, 202 . 

Saponins, constitution of, 80. 

Sativic acid, constitution of, 72. 
Scandium, extraction of, 49. 
apoScopolamino, 160. 

Scopoline, formula of, 160. 
Sebacicdialdehyde, 68 . 

Selenates, hydrated double, crystal- 
lography of, 259. 
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Selenium, isotopes of, 208. 
acetylacetones, 68. 
rffoxide, 50. 
oxybromide, 50. 
oxychloride, 56. 

Semibenzenes, transformations of, 90. 
Sesquiterpenes, action of heated 
sulphur with, 118. 

Silicon, modifications of, 50, 

df oxide (sihca), effect of, on plant 
growth, 215. 

Silk fibroin, hydrolysis of, 186. 

Silver compounds, photochemistry 
of, 25. 

bromate, 44. 

^perchlorate, 44. 

halides, decomposition of, by light, 
43. 

molybdate, crystal structure of, 
259. 

oxide, crystal structure of, 256. 
peroxide, black, 43. 

Sincosite, 263. 

Soap solutions, 28. 

Soddite, 263. 

Sodium bromate, crystal structure of, 
258. 

chlorate, crystal structure of, 258. 
chloride, X-ray analysis of, 14, 31. 
chlorite, 57. 

hydroxide, fusion of metals with, 
42. 

metasilicate, hydrates of, 50. 

Soil, absorption and basic exchange 
in, 206. 

acidity of, 212, 216. 

colloids of, 204. 

flocculation of, 206. 

moisture in, 210. 

nitrogen compounds in, 207. 

utilisation of phosphates in, 215. 

solution, composition of, 210. 

sterilisation of, 217. 

sulphur compounds in, 209, 215. 

analysis of, 168. 

estimation of colloidal clay in, 
206. 

Solids, electrical conductivity in, 16. 
Spectra of isotopes, 273. 

Rontgen-ray, in relation to atomic 
structure, 31, 32. 

Stannio acid. JSee under Tin. 
Stannous hydroxide. /See under Tin. 
Starch, constitution of, 80. 

estimation of, 220. 

Stasite, 263. 

Steel. See under Iron. 
Stereoisomerism, 136. 

Strontium alloy with lead, 46. 
chlorite, 57. 
detection of, 175. 

Buccinic acid, s-aminohydroxy-, syn- 
thesis of, 84. 


Sucrose, velocity of hydrolysis of, IS. 
detection of, 170. 
estimation of, 173. 

Sugars, metabolism of, 193. 
in blood, 195. 

reducing, estimation of, 173. 
Sulphides, estimation of, 176. 
Sixlphiformin, 67. 

Sulphoacetic acid, syntheses with, 93. 
Sulphur compounds, estimation of, 
in coal gas, 168. 
oxidation of, in soil, 209. 
d/oxide, reaction of cuxu'ous chlor- 
ide with, 55. 

Sulphates, estimation of, IS I. 
Suljphites, properties of, 55. 
Systems, disperse, 25. 


Tannase, 232. 

Tannin, detection of, 171. 

Tantalum, separation of, fi’om colum- 
bium, 179. 

Tartaric acid, structure of, 244. 

ethyl ester, iproporties of, 75. 
Tautomorism, 108. 

keto-onolic, 68. 

Telluric acid, 56. 

Tellurium, pure, 50. 

acetylacetones, 68. 

Teloidino, formula of, 161. 

Tethelin, nature of, 202. 
Tetrahydroacctophenone, Kvnthesis 
of, 94. 

Tetrazoles, formation of, 143. 
Tetrophane. See 3 ; 4-Dihydro- 1 : 2- 
naphthacridino- 14-carboxync acid. 
Thallium borates, 48. 
chlorite, 58. 
bismxith halides, 48, 
sulphates, complex, 48. 

Thapsxc acid, synthosw and con- 
stitution of, 73. 

Th(obacillu8y species of, in soil, 209. 

Thitsiol,’’ 120. 

Thorium, estimation of, 165. 
Thorium- C, emission of a-x>ar tides 
by, 280. 

Thorveitite, 264. 

Thymine, detection of, 171. 

Tin, isotopes of, 268. 

Stannic acids, 51. 

Stannous hydroxide, preparation 
and propei’ties of, 51. 

Tissues, oxidation in, 189. 

Toluoyl chlorides, chlorination of, 92. 
Triethylsulphonium bromide, de- 
composition of, 23. 

Trihexosan, 80. 

Trimethy i^opropy Imethano ,61. 
Tripheny Ifoiphenylene -ethyl , 104. 
Triphenylethinylcarbinol, halochrom*- 
ism of, 106. 



IKBEX OF 

Triplienylmethyl, 103. 

Triphcnyl-1 : S-oxthiophan-S-oixe, 

144. 

Tripyrrole ,138. 

r-Tryptophan, synthesis of, 140. 
Tungsten, action of thoria with, 57. 
oxides, 57. 
detection of, 175. 


Ultra-filtration, 28. 

XJx'aniurn, 287. 

detection of, 175. 
estimation of, ISO. 

Uranium- F, 288. 

Uranium-^, 288. 

Urazole, thio-, sodium salt, 130, 
Urease, 233- 
Urushiol, 110. 


Valency of elements, 30. 

Vanadic acid, estimation of, 177. 
Vanadium, estimation of, in steel, 178. 
Vapour pressure of liqriids, 8. 
Velocity of hydrol^’^sis, 18. 

Vinyl alcohol, preparation of, GO. 
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Vinyl chloride, xDolymerisation of, 62. 
Vinylarsines, ^-ehloro-, 73. 
Vinylc 2 /cZopropane, 107. 
Vinylsulphurie acid, preparation of, 
61. 

Viscosity of gases, 5. 

Vitamins, 198. 
in milk, 193. 


X-rays. See Rays, Rontgen. 
Xanthines, formation of, 14G. 
Xanthorocellin, 151. 

Xenon, isotopes of, 269. 

estimation of, 39. 

Xylenol-blue as an indicator, 175. 


Veast, activation of killed, 190. 
V'ttrium, atomic weight of, 34. 


Zinc, isotopes of, 268. 
alloys with arsenic, 46. 

with mercury, use of, in analysis, 
177, 181. 

Zinc -formaldehyde hyposulphite, 67. 


EBRATUM. 

(Annual Reports, 1921 .) 

Fine 

11 for “’reduction” read dehydrogenation.” 
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